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Dear Sir: 

DECLARATION UNDER 37 CFR §1.132 

I* Steven Buchsbaum, PhJD., do hereby declare as follows: 

1. I received an M.S. and Ph.D, in physics in 1990, and an M.PJ.A, with a specialization 
in International Technology Management in 1997, from the University of California, San Diego. 
I was a founding member and Director of the Office of Chemical, Biological, Radiological, 
Nuclear and Explosive Defense for the Department of Homeland Security's Advanced Research 
Projects Agency (HSARPA), created m 2003. Prior to joining HSARPA, I was a Program 
Manager in the Special Projects Office of the Defense Advanced Research Projects Agency 
(PARPA) where I was responsible for the development ofi biosensors and defense systems 
against biological weapons; technologies to counter use of underground facilities; and other 
classified work. 

2. TIGER (Triangulation Identification for the Genetic Evaluation of Risk) is an 

embodiment of a method of arnplificaticm of nucleic add of a bioagent with a pair of primers that 

hybridize to nucleic acid of a wide range of bioagents at sequences which flank a variable 

sequence. Measurement of the molecular mass or base composition of the amplification product 

provides means to rapidly identify the bioagent without any prior knowledge or assumptions of 

the identity of the bioagent and without sequencing of the amplification product. I understand 
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that this methodology is disclosed and rfnimwi in the patent application in conrwclfan with which 
this declaration is being submitted TIGER represents a completely novel approach which is not 
obvious in view of previously existing technologies. To my knowledge, no one ever previously 
proposed or disclosed that combining broad tango priming of nucleic acid of bioagents with 
molecular mass measurements would be successful in rapid and accurate identification of 
bacterial and viral bioagents. Thus, the invention of the TIGER method produces results mat 
would bo unexpected by simply combining existing technologies such as general broad range 
priming and mass spectrometry. 

3. I was the original DARPA Program Manager for DARPA contract MDA972^00-C-0O53 
through which funds were granted via a subcontract to Ibis Therapeutics, a division of Isis 
Pharmaceuticals* for the provision of biosensors for broad-ba9ed identification of biowarfare 
agents and emerging infectious diseases in environmental and human clinical samples. As a 
DARPA pr o gram manager, it was my responsibility to invest in "high risk, nigh reward" 
concepts with a tolerance for failure. In the particular case of the Isis work, at the start of the 
project I felt that there was very high risk that their novel concept of broad-range identification 
of bioegents by molecular mass analysis, then in its infancy stage* would meet with success. In 
fact, an early internal review (fonded by the DARPA director) carried out by JASON, an elite 
independent senior scientific advisory group that provides consulting services to the U»S. 
government on matters of defense science and technology, concluded that it was unlikely that 
development of the proposed methods would be successful. The unexpected success of the 
methods developed under the project was such mat 1 nominated Ibis Therapeutics for an award 
for beat performance under a DARPA contract 

4. I have been pleased to observe mat over the test five years, Ibis Therapeutics has been 
awarded substantial additional funding from other U.S. government agencies including the 
Department of Defense, The Center for Disease Control, the National Institutes of Realm, and 
the Homeland Security Advanced Research Projects Agency (HSARPA). Some of this funding 
was applied for at my suggestion and with my assistance while 1 was a DARPA Program 
Manager, While this grant funding has focused upon the long felt bui unmet needs in biodefense, 
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infectious disease surveiUance, and forensic*, TIGER also has great applicability for broad 
application in other areas of healthcare, including pharmaceutical process control, healthcare 
associated infection control, and At vitro diagnostics. 

5. I have also been pleased to observe that several independent commentaries and high 
visibility publications in prestigious journals have provided an indication that the TIGER 
methods are innovative, produce results that would be unexpected in light of prior technologies, 
satisfy a long-felt and unmet need, and have great potential for commercial success. Hie 
appended exhibits (A-E) illustrate these points. 

& Exhibit A describes an embodiment of file TIGER method wherein a particularly 
virulent strain of Streptococcus pyogenes was identified as the cause of an outbreak of 
respiratory disease in a military barracks. This article appeared in die May 2 1 , 2005 issue of 
Proceedings <tf the National Academy of Scbsn^ The article, independently edited and peer 
reviewed, indicates the innovative nature of the method and that the method sati sfies a long felt 
need for rapid identification of infectious bioagents for epidemic tracking such as speeifio 
subtypes of Streptococcic pyogenes and other co-infecting respiratory pathogens. One 
particularly surprising and unexpected result of great utility that was obtained from the invention 
is that it may also be used for an analysis of microbial populations. For example, as described on 
page $01 5, column 2 of the article, it is stated that . .military recruits in the midst of a 
respiratory disease outbreak had a dramatically different microbial population than that 
experienced by die general population in the absence of epidemic disease." 

7. Exhibit B is a third-party article that appeared in the August 1, 2004 issue of Analytical 
Chemistry which describes the innovations of the TIGER method. 

8. Exhibit C is a third-party ^^innovations article" which appeared in Scientific American 
in November 2002. 
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9. 



Exhibit D is a third-party review article published in Nature Reviews — Drug Discovery 



in April 2005 which highlights the applicability of the TIGER method in the field ofbiodeffease 
(see page 292, coL 2). 

10. Exhibit Bis a fhixd-pflriy article published in the August 27, 2004 issue of Science 
which indicates the applicability of the TIGER method as a biosensor for air surveillance of 
pathogens (see page 1229, col 1). 



11. I declare that all statements made herein are of my own knowledge true and statements 



made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under section 1001 of Title IS of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon* 



made on infi 






Date 



Name 
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Rapid identification and strain-typing of respiratory 
pathogens for epidemic surveillance 

David J. Ecker**, Rangarajan Sampath*, Lawrenca B. p!yn\ Mark W, Eshoo*, Cristlna Ivy* Joseph A. Ecker*, 
Brian Ubby*, Vh/ek Samarrt*, Kristin A. Sannes-Lowery*, Rachael E. Mai ton*, Kevin Russell*, Nlkkl Freed*, 
Chrfe Barrozo*, Jianguo Wu* Kari Rudnick*, Anjall Desalt Emily Moradis, Duane J. KnizeS, David W. Bobbins* 
James C Hanni 5 \ Patina M. HarreU*, Christian Masslre*, Thomas A. Hall* Yun Jiang*, Raymond Ranken*, 
Jared J. Drad6r+, Weill White*, John A, McNeil*. Stanley T. Crooke*. and Steven A. Hofstadler* 
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Edited by Stanley Falkow, Stanford UnnenTrty, Stanford CA. and approved April 1 1. 2005 (received for review December 31. 2004) 



Epidemic respiratory Infections are responsible for extensive mor- 
bidity and mortality within both military and civilian population*. 
We describe a high-throughput method to simultaneously identify 
and genotype species of bacteria from complex mixtures In respi- 
ratory samples. The process uses electrospray Ionization man 
spectrometry and base composition analysis of PCR amplification 
products from highly conserved genomic regions to Identify and 
determine the relative quantity of pathogenic bacteria present In 
the sample. High-resolution ganotyplng of specific spedas is 
achieved by using additional primers targeted to highly variable 
regions of specific bacterial genomes. This method was used to 
examine Samples taken from military recruits during respiratory 
disease outbreaks and for follow up surveillance at several military 
training fatiSties. Analysis of respiratory samples revealed high 
concentrations of pathogenic respiratory specie*, including Hae- 
mophftvs influenzae. Neisseria meftinyrtidb, and Streptococcus 
pyogenes. When S. pyogenes was identified In samples from the 
epidemic site, the Identical genotype was found In almost all 
recruits. This analysis method will provide Information fundamen- 
tal to understanding the polymicrobial nature of explosive epi- 
demics of respiratory disease. 

genotyplng j group A ftrepteeocd | Infectious disease | 
Streptococcus pyogenes | pneumonia 

Despite the prevalence of epidemic respiratory infectious and 
their important impact on global human health, the molecular 
underpinnings of these conditions Tcmain poorly understood. Ep- 
idemic respiratory infections can be caused by a wide variety of 
bacteria, inch] ding several species of Streptococcus, Haemophilus 
influenzae, Staphylococcus aureus, Neisseria meningitidis, Myco- 
plasma pneumoniae, and OUamydophUa pneumoniae, or viruses 
such as influenza virus, adenovirus, rrunovirus, or coxanaviruses (1, 
2). Although various culture methods, molecular techniques, and 
serologic diagnostic tests exist, for many epidemics the causative 
fnicrootgaiusm(s) axe never Determined. iWthermore, there has 
been no practical fhethod for examining the broad bacterial ecology 
of respiratory infections to dissect the complex polymicrobial 
interactions that occur during explosive outbreaks of disease. 

Gtonp A streptococci (GAS), or Streptococcus pyogenes, is one of 
the most important organisms associa ted with respiratory infections 
because of to prevalence and its ability to cause severe disease with 
complications such as acute rheumatic fever and acute glomerulo- 
nephritis (3). The ability to simultaneously identify GAS and other 
bacteria and viruses in large numbers of samples would greatfy 
facilitate our understanding of respiratory epidemics. It is also 
essential to follow the spread of specific virulent strains of GAS in 
populations and to distinguish virulent strains from avirulent 
strepteerjoci (3). 

Molecular methods have been o^veloped to geriotype GAS based 
on the sequence of the emm gene thai encodes the M-protein 
viniience factor (4-e> More than 150 different mm types have 



been defined and correlated with phenotypic properties of thou- 
sands of GAS isolates by using this molecular classification (www. 
cfcgov/iraotocVbkrte^ (7). Recently, a 

strategy known as mufti locus sequence typing (MLST) was devel- 
oped to determine the molecular epidemiology of GAS and other 
bacterial pathogens. The results from MLST are highly concordant 
with several other typing methods (8). 

Although MLST provides detailed analysis of isolated GAS 
strains, it provides no information about the other respiratory 
microbes that may participate in the pathology. We now report a 
technique that rapidly identifies multiple respiratory microorgan- 
isms simultaneously in a quantitative fashion, This allows for broad 
microbial population analysis and strain tracking of an ongoing, 
geographically dispersed epidemic on a large scale. We specifically 
identified the bacterial pathogens present during a respiratory 
disease outbreak at a military training camp (9), characterized the 
GAS 5train-g enotype, and analyzed the spread to other military 
facilities. 

Materials and Methods 

Selected isolates used in this research from the Naval Health 
Research Center were collected in compliance with all applicable 
federal regulations governing the protection of human subjects in 
research under approved protocol hTHRC^OOl-OOWL 

Primer Selection. Broad-range PGR primers for mass spectrometry 
analysis were designed to target conserved regions of bacterial 
ribosomal DNA genes (16S and 23$) and genes encoding house- 
beeping proteins common to ail bacteria (Table 1). Primers for 
geno typing GAS using mass spectrometry analysis were designed 
to target sequences from each of the seven housekeeping genes 
used in MLST. The nucleotide sequences for these genes from 212 
isolates of GAS (78 distinct emm types) were obtained from 
wwwjnl6tnec These correspond to the 100 different allelic profiles 
referred to by EnrighteraL as ST1-ST100 (8). Twenty-four primer 
pairs were designed and validated against & pyogenes. A final subset 
of six primer pairs (sequences are shown in Table 4, which is 
published as snpportirig ntrormabon on the PNAS web site) was 
chosen based on a theoretical calculation of minimal number of 
primer pairs that maximized resolution between emm types. 

Mass Spectrometry and MLST. After amplification, 15 /d-aliqnots of 
each PCR were desalted and purified by using a weak anion, 
exchange protocol as described (10). Accurate-mass (±1 ppm), ' 



This p*cmr was jubmltterf amctfy (Track 10 to the PNAS oftlc*. 
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Abbr*¥tationr. GAS. group A (traptDaxxt: MLST, muMlocus seqi 
tkctrospray Ionization mast spectrometry. 
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Table 1. Broad- range and 5. pyngener-ipadfk genotyplng 
primer targvts and scope of coverage 
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Sequences of the primers are provided In Table 4. Primer coverage of 
bacterial phytogeny is depicted plctorialry in Fig. 4. the locations of the 
primers targeting ribosomal sequences are depicted mapped to the rRNA 
structures In Rq, 2 (16S> end 3 (23S). 



mgb-resohitxon (M/AAf > 100,000 fiiU-wtdth half rnaximal) mass 
spectra were acquired for each sample by using high-throughput 
electro spray ionization mass spectrometry (ESI-MS) protocols as 
described (u, 12). Rjt each sample. 1.5 /ii of anah/te solution was 
consumed during the 60-6 spectral acquisition. Raw mass spectra 
were converted 60 monoisotopic molecular masses. Unambiguous 
base compositions were derived from the exact mass measurements 
(13). Quantitative results .axe obtained by comparing the peak 
he&hts with an internal PCR calibration standard present in every 
PGR well at 500 molecules for the ribosomal DNA-targeted 
primers and 100 molecules for the proteiitencoduig gene targets 
(11). GAS isolates were analyzed by using emm gene-specific PCR 
as described (4, 14). MLST analysis was performed as described (8). 

Remits and Discussion 

Broad SurveAtenca, idemHttatJoa. and Rapid Stratn-Genotyping of 
Bacterial Pathogens. To begin to decipher the polymicrobial dy- 
namics thai underlie epidemic outbreaks of respiratory disease, it 
would be valuable to analyze respiratory samples for a broad range 
of bacterial pathogens simuttan&ousJy and to obtain higb-resohition 
sn-am-j^noryping information on specific species. We have devel- 
oped a rapid, Wgh-thrcwghput mdecular method to achieve these 
objectives and have tested it on samples obtained from respiratory 
disease outbreaks associated with 51 pyogenes in military training 
fa c iliti es (9). The experimental m^tTKxfotogy is based on analysis of 
multiple PCR amphcons using PCR/ESI-MS to determine base 
compositions of complex mtatures of smplicons (11, 13). High- 
resolution genotyping of specific bacterial species, in this case S. 



pyogenes, was accomplished by analyzing the samples with species- 
specific primers that interrogate regions of high intraspecies vari- 
ability to distinguish closely related strains. 

To measure the broad landscape of bacteria present in respira- 
tory samples, a set of 16 broad-range surveillance primers was used 
that allow PCR amplification and quantitative identification of 
many different bacterial pathogens and respiratory commensal 
flora. Gene targets of these primers are listed In Table 1, and 
sequences are shown In Table 4. The surveillance primers were 
chosen by computational analysis of sequence alignments of the 
ribosomal DNA opera ns and 160 broadly conserved protein- 
encoding housekeeping genes. The ribosomal DNA-targctcd prim- 
ers have the broadest range of bacterial coverage. For example* the 
four primer pairs targeted to 16S ribosomal DNA match. On 
average, 98% of the bacterial sequences in the Ribosomal Database 
Project (http://rcrp.cme.msu.edu) allowing for two to three mis- 
pairings under permissive .PCR cycling conditions. The sites of 
hybridization and the sequence conservation in these regions are 
shown on the ribosomal RNA structures in Figs. 2 and 3, which are 
published as supporting information on the FNAS web she. The 
primers targeted to protein-encoding housekeeping genes have 
breadth of coverage at the level of major bacterial subdivisions (e*g^ 
beta proteobacteria, bacilli); their specificity is described in Table 
1 and graphically depicted in Fig. 4, which is published as supporting 
information on the FNAS web site. 

Analysis of the amplified regions from major respiratory patho- 
gens showed thai the base compositions of these regions unambig- 
uously distinguished all recognized respiratory pathogens from 
each other and from normal flora, including closely related species 
of Streptococci and Staphylococci (base compositions are listed in 
Table 5, which is published as supporting information on the FNAS 
web site). Although any single p rin t er target region might have an 
overlap of base compositions with another species, combined 
taformatiort • from multiple primer pairs provided unambiguous 
organism-specific signatures for ail major respiratory pathogens. 
For example, $, pyogenes and Streptococcus pneumoniae have target 
regions that are amplified by 9 and 10 of the surveillance primers, 
respectively. The base compositions of these two species are iden- 
tical in only one target region, and differ in all remaining target 
regions by up to four base substitutions per region. We confirmed 
the resolving power of the target regions by determining the base 
compositions of 120 isolates of respiratory pathogens representing 
70 different bacteria] species (data not shown). The results snowed 
that the Observed variations (usii&Dy one or two base substitutions 
in the amplified region) in base composition amongst multiple 
isolates of the same species cfid not prevent correct {Gratification of 
major pathogenic specie*. 

For high-resolution strain genotyping, we designed a strategy to 
generate strain<pecific signatures that follows the rationale of 
MLST. We constructed an alignment of concatenated alleles of the 
seven MLST housekeeping genes from each of 212 previously 
onm- typed strains (8) and determined the number and location of 
the primer pairs that would maximize strain discrimination. An 
initial set of 24 primer pairs was selected that would anrnlrfy regions 
covering >97% of the nucleotide variation in the MLST sequencing 
targets. Wc then determined how much Strain discrimination COuld 
be achieved from a smaller set of primers. Performance calculations 
for different possible combinarJons of primer subsets showed that 
six pairs of primers allowed dlsctinunation at the individual tmm- 
type level of >15% of all of the emm types listed by Emight et al 
(&% whereas the remaining 25% clustered into groups of two or 
more emm types (see Fig. 5. which Is published as supporting 
infbrrnarjoa on the FNAS web site, for details). This degree of 
resolution was considered sufficient for applications such as track- 
ing the clonal expansion of a particular strain type during a specific 
epidemic. However, if complete emm typing is required, 12 primer 
pairs can be used to completely resolve all emm types. 



ECfceref at 



(WAS I May *1,2005 | wot. 102 | rift. 22 f 1013 



PAGE 27/54 1 RCVD AT 8/1 1/2006 6:55:57 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRM/6 1 DNIS:2738300 1 CS1D:7606033820 * DURATION Qnik$):2M8 



08/11/2006 16:08 FAX 7G06033820 



ISIS PATENT DEPT 



PATENT OFFICE 



@|028/054 



J 



Table 2. Base composition analysis of GAS samples 




Base composition* from each primer target site are cofor<oded so that each unique base composition ha* Its Own color. NO. no data. 
♦Samples were determined to be GAS-negattwe by Independent cuture techniques. 



Identification and Strata Gemotyprng of GAS bolataa. Four sets of 
throat samples taken from recruits at different military facilities 
were examined. The first set was collected at a military training 
center in 2002 during one of the most severe outbreaks of pneu- 
monia associated with OAS in the UJS* since 1968 (9). Throat swabs 
were taken from both healthy and hospitalized recruits and plated 
far selection of putative GAS colonies. A second set of 15 original 
patient specimens was taken during the height of this disease 
outbreak: The third set were historical samples from disease 
outbreaks at this and other military training fecfliffcs during pre- 
vious years. The fourth set of samples was collected from five 
geographically separated military facilities in the continental US. 
in the whiter immediately after the severe 2002 outbreak. 

Colonies isolated from OAS selective media from ail four 
collection periods were analyzed with the broad surveillance prim- 
ers and GAS gencrtyping primers (Table 1). When the surveillance 
primers were used, all sampled showed base compositions that 
precisely matched the four completely sequenced strains of S- 
pyogenes (15-20). The results of the base competition analysis with 
genotyping primer pairs Cor samples from aQ four collection periods 
are compared to results from 5'-<mm gene sequencing and the 
MIST gene sequencing methods in Table 2. When only these six 
primer pairs were used, some of the samples could not be resolved 
to a unique emm type. However, base composition analysis showed 
identification consistent with (either uniquely or as a member of a 

6JM4 | www.pnas^rg/c^l/doi/1O.lO73/pnas4>409920102 



small set) S'^mw gene sequencing or the MLST sequencing 
method 

Genotyping GAS Isolated from the 2D02 Epidemic and Testing of 
Oritfraal Patient Specimens. Of the 51 samples taken dnringthe peak 
of the Nc^ember/I>ecernber 2002 epidemic (Table % rows 1-3), all 
but three had identical base ccroposittoiis and corresponded to 
emm?, a GAS genotype previously associated with high respiratory 
virulence (17, 19). The three outliers (Table 2, rows 2 and 3) were, 
samples from healthy individuals and probably represent nonepl- 
demic strains harbored by asymptomatic carriers. Axcfaived samples 
(Table 2, rows 5-13) from historical collections showed a much 
greater he t ero g e n eity of composition signatures and emm types, as 
would be expected lor different epidemics occurring at oUflerent 
times and places. 

During the peak of the 2002 outbreak, duplicate throat swabs;, 
were taken from military recruits who were not overtly symptom- 
atic but who were living and training in the same community. One 
of the paired swabs was used to isolate GAS colonies on selective 
media and the other swab was analyzed directly. Fifteen of the 
paired swabs that showed at least one colony on GAS^ective 
media were selected for further study. When the surveillance . 
primers were used, all 15 of these GAS isolates- showed base ;' 
comoositions identical to the sequenced GAS ' genomes, as was 
observed with all previous GAS isolates in this study. The six 

Eckmtetaf. 
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GA$-speciflc genotyping primers indicated that all 15 samples had 
the same OAS genotype (Table 2, row 4), corresponding to cronJ, 
the identical signature obtained from the symptomatic individuals 
in this outbreak, consistent with the clonal expansion of a single 
genotype. 

The duplicate swabs were analyzed without culture by using the 
16 broad surveillance and six GAS-specific genotyping primers. 
Analysis using the surveillance primers revealed that these samples 
had a mixture of microbes, as might be expected from a complex 
sample (Table 3). Of the 15 samples, six showed evidence of GAS 
using the broad surveillance primers, and seven showed positive 
detection using all six genotyping primers (Tables 3 and 2, row 39). 
Of the remaining eight samples, fiVe were positive with two to four 
genotyping primers (Table 2, .rows 40-43) and three of the samples 
were negative with all six genotyping primers (Table 2, row 44). 
These results suggest that OAS was present in these samples at 
widely varied concentrations. 

In addition to GAS, other potentially pathogenic organisms were 
identified. In an exemplary sample (Table 3, sample 5). OAS was 
identified along with strong signals consistent with N. meningitidis 
and ft influenzae (Fig. 1), 'Ke 16 surveillance primers have a 
varying degree of breadth in their coverage. The six primers that 
target 16S and 23$ ribosomal DNA were designed to amplify all 
bacteria from the major divisions (Table 1). Mass spectral analysis 
of the products from primers that target 16S and 23S ribosomal 
DNA (Fig, 1 Upper Riff* and Lower Left) showed that the dominant 
signals were from Jhf* influenzae, M meningitidis, and S. pyogenes 
(GAS) present in a ratio Of *-20:5:4 as determined by comparison 
of peak heights with that of internal PGR calibration standards for 
several of me primers. In contrast to the primers that amplify 
ribosomal DNA genes, the primers that target genes encoding 
housekeeping proteins were designed to provide coverage of spe- 
cific divisions of bacteria. For example, primer pair 356 targets the 
rplB gene (Table 1) and primarily amplifies the bacterial classes 
BadlS (which includes 5. pyogenes) and Clostridia, but does not 
amplify Proteobacteria such as N~ meningitidis and H. influenzae. 
Anarysis of the spectrum from mis primer set shows S. pyogenes as 
the only major product (Fig. 1 Lower Right). As expected, primers 
targeted to the proteobacteria] species identified /V. meningitidis 
(corroborating evidence for the simultaneous circulation of N. 
meningitidis during this epidemic was obtained from culture data 
from a hospitalized patient who subsequently died from pneumonia 
during this period; K. Russell, unpublished data) and H. influenzae, 
but not & pyogenes (data not shown). Although base competitions 
detected from some of the surveillance primers are consistent w ith 
more than one organism, the coDecrive data from the 16 Surveil- 
lance primers unambiguously Identified these three bacterial spe- 
cies as responsible for the bulk of the bacterial load in this throat 
swab* Thus, using this surveillance panel of primers, it is possible to 
identify the major bacterial components of a complex sample and 
to determine their approximate concentrations. 

To corroborate the results of mass spectrometry analysis of PGR 
products obtained by using the suTvemance printer set, we analyzed 
two of the samples by broad-range priming followed by cloning and 
sequencing (21), Hie results from sequencing «»700 nucleotides of 
16S ribosomal DNA were In good agreement with the mass 
spectrometry anarysis with respect to both identification of species 
and the relative abundance for the organisms that constituted >S% 
of the total microbial load in the sample (details in Table 6, which 
is published as supporting information on the FNAS web site). 
However, cloning and sequencing indicated the presence of addi- 
tional species of bacteria not identified by PCR/ESI-MS. For 
example, based on sequencing, 5% of the bacterial load in sample 
5 (Table 3) was comprised of Corynebactenum fastidknum. Retro- 
spective analysts of the mass spectra revealed peaks that were 
consistent with the presence of thiB organism, but the peak heights 
across the surveillance primer set were insufficient to make a 
positive identification. Thus, broad-range primer analysis will be 
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Table 3. Analysis of 15 throat swabs 
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less sensitive on an absolute scale for a low abundance organism 
than species-epeculc primers that do not have to compete for PGR 
resources with multiple imcrobes (see sensitivity measurements 
below). The other sample that was analyzed by both PCR/ESI-MS 
and sequencing (Table 3, sample 14) contained & pyogenes and 
Staphylococcus aureus in a ratio of «»5:1 as determined by PCR/ 
ESI-MS and about 33:1 by sequencing. 

It is interesting that the 15 throat swabs from military recruits 
contained a relatively small set of microbes in high abundance 
(Table 3)- The most common were H. influenzae, N. meningitidis* 
and S. pyogenes] S. cpidcrmidis, M. catarrhaUs, C p s eudodip hxherid- 
currt, and & aureus were present in fewer samples. We also analyzed 
an equal number of samples from healthy volunteers in the same 
fashion and did not observe the same pattern of nucrobes (samples 
were taken from 23 healthy volunteers from each of three different 
geographic locations, not from military training settings). Healthy 
volunteers showed a flora dominated by multiple, commensal 
oon-04iernofync Streptococcal species, including viridaos group 
streptococci (Streptococcus parasanguinis, Streptococcus vestibularis, 
Streptococcus mitts. Streptococcus oralis, and S- pneumoniae; data 
not shown). Thus, the military recruits in the midst of a respiratory 
disease outbreak had a dramatically different microbial population 
than that experienced by the general population in the absence of 
epidemic disease, 

G*f>otyplng GAS Isolated front Geegraptucafly Separated MWtary 
Facilities I* 3003. After the 2002 epidemic associated with a virulent 
emmS strain, we surveyed respiratory disease outbreaks at Other 
military fari H lira. It was possible that the virulent genotype from the 
epidemic ought have Spread to these locations later h) the winter 
season, GAS isolated from patients with respiratory disease was 
examined by base conirJositiOD analysis and by emm-gene sequenc- 
ing- The results (Table 2, rows 14-33) showed concordance be- 
tween base composition analysis and emm gene sequencing. One or 
two samples from each location had an emmS genotype* However, 
the attribution of GAS types at these locations showed a pattern 
significantly diflerent from the original epidemic, suggesting that 
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Hg. 1. Masj i pectra from DNA amplified from ■ throat swab (Table, 3. sample 5) using each of the 1 & surveillance primers (Table I)- (Upper Left) Thumbnail 
spectra from 16 primer*. Each of the PCR welb wu calibrated by using an Internal standard tdentftca I tothe bacterial ta rget sequence except for a 2-to 5-nt J ntemal 
deletion (calibre nt peaks are shown in yeflow). (Upper Right) Spectrum from a primer pair that targets 23$ rONA. The paired peeks correspond tothe sense and 
antteense strands of the PCR ampltcon that are separated under conditions of ionization. The peaks are labeled with base composition of the ampllcons and the 
organism that matches the composhHon. (iowerl*fQ Spectrum from a primer palrthat targets lf$S rOMA, (Lower Jtfgftt) Spectrum from a primer pofr that targets 
the Bacilli, but not the Proteobacterfa. 



the epidemic strain was not dominating the population of OAS at 
other locations. 

Throat swabs from eight individuals showing respiratory symp- 
toms Were obtained and analysed after culture and directly from the 
swab. Five of the eight patients tested positive far GAS by culture 
on selective media (Table 2, rows 34-36), Samples that were 
euhure-positrve were also GAS-positivc by base composition anal- 
ysis when analyzed directly from the swab, whereas the three 
culture-negative samples were also negative by PCR/ESI-MS. 

Senatfvtty. Dynamic Range* one) RaprodutibiTrty. To evaluate the limit 
of detection, serial 2-fold dilutions of known amoiJ^.dtgenomic 
DNA isolated from £ pyogenes were added to water or genomic 
material isolated from throat swabs from healthy volunteers. In 
water, both the broad surveillance and genotyping primers reliably 
detected as few as 15 genome copies of & pyogenes per PCR well 
(data not shown). In the p r es en ce of normal throat flora, the £ 
pyog&es genotypmg primers, which do not competitively amplify 
oommonsal streptococcal species, .had the same sensitivity as in 
water. However! the broad surveillance primers lost sensitivity for 
£ pyogenes in the presence of floral DNA because of PCR 



competition with commensal streptococcal organisms. The limit of 
detection was ~2^00 genomic copies per well in the presence of the 
average amount of normal flora taken from a throat swab (pooled 
from IS volunteers and divided to one swab-equivalent). On the 
other hand, when Jt pneumoniae and & onifazCLr were spiked into 
normal throat flora, Che limit of detection was —10-30 genome 
copies per well for both organisms. The difference in sensitivity for 
$. pyogenes vs. K. pneumoniae and B, arxthrads can be attributed to 
the predominance of streptococcal organisms In normal flora. 
Although all of the surveillance primers that amplify £ pyogenes 
also competitively amplify commensal streptococcal species, sev- 
eral of the siirveOlance primers (in particular those that target genes 
encoding housekeeping proteins) amplify K pneumoniae and 8* 
anthmds and eiriiirift the commensal streptococci. Thus, the lower 
limit of detection for a particular organism is not absolute, but varies 
with the level and nature of competing DMA and the coverage of 
the surveillance primers (see dynamic range experiment below). 
This is uniquely problematic for £ pyogenes in a throat flora 
background, which is dominated by commensal streptococcal spe- 
cies. To detect low levels of £ pyogenes in the presence of throat 
flora, one or more of the £ pyogene&^spcafic genotyping primers 
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that do not amplify commensal streptococcal Bpcdes would be 
necessary. 

To determine the dynamic range and linearity of competitive 
PCR/ESI-MS, we mixed three organisms in varying relative ratios 
ranging from 10 to 10,000 and analyzed them by using the surveil- 
lance primer set The results (Fig. 6, which is published as support- 
ing information on the PNAS web site) showed a dynamic range of 
at least 1,000:1, where one organism could be detected in the 
presence of n 1,000-fold excess of one or two other organisms. The 
deviation from linearity at 45 cycles ofPCR over a 1,000:1 dynamic 
range was ±60%- The dynamic range would vary somewhat for 
different mixtures of organisms, depending on their coverage by the 
surveillance primers. Having a mix of primers with varying breadth 
in specificities effectively expands the overall dynamic range of the 
system while assuring that the major bacteria] components of a 
mixture are identified. 

To assess swab-to-swab variation, we analyzed duplicate throat 
swabs from 23 healthy volunteers. The composition of the bacterial 
flora varied somewhat from individual to individual, but the 
replicate swabs from the same donor showed virtually identical 
profiles (Fig- 7, which is published as supporting information on the 
PNAS web site). The bacteria from these duplicate swabs were all 
dominated by commensal Streptococcus spp-, as expected for nor- 
mal throat flora from healthy donors (21). 

Condusftons 

In both developing and developed nations, the leading cause of 
death by a wide margin is acute respiratory disease (22-24). 
However, the underlying microbial ecology and the polymicrobial 
mteractkms that mediate explosive epidemics remains poorly un- 
derstood. We have developed a strategy to simultaneously survey 
respiratory samples for the presence of many different pathogenic 
agents and so provide high-resolution strain genotyping for selected 
species of bacteria. Using a set of surveillance primers targeted to 
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broadly conserved regions of bacterial genomes, PCR amplicons 
were generated and analyzed by ESI-MS> and the identity and 
relative quantity oi microorganisms was determined by using the 
base compositions of the amplicons. This method allows rapid 
detection of the abundant microbial flora present in a complex 
sample. To track a particular bacterial strain that may be the driving 
force of an epidemic, high-resolution genotyping capability is 
required. This is accomplished by the use of species-specific primers 
that target regions of nigh variation. 

In this study, we analyzed four sets of respiratory samples from 
military settings. Military recruits live in dose quarters and are 
subject to intense physical and vocal stress as a normal part of 
training. Analysis cf respiratory samples from military recruits 
living in a training community where a high amount of respiratory 
disease was present showed high concentrations of one or several 
pathogenic respiratory bacteria, including GAS, H. influenzas, and 
N. meningitidis. From the epidemic site, the identical GAS genotype 
was identified in almost all recruits. The respiratory flora present 
in these recruits was not found in healthy controls. 

We have developed a rapid, high-throughput, and cost-effective 
method for surveying large numbers of samples that provides both 
a broad view of the bacterial organisms present and a high- 
resohition genotype of selected species. The PCR/ESI-MS analysis 
of 96 samples with aJI surveillance primers takes **19 h» and has 
sufficient speed and throughput to be useful m tracking of an 
Ongoing epidemic Although this work focused on identification of 
bacteria, with detailed strain genotyping of GAS, the PCR/ESI-MS 
method described here can be extended to broad groups of viruses 
(25), fungi, and pathogenic protozoa. We envision using this 
methodology to enhance our understanding of the fundamental 
nature of explosive epidemics Of rc^iratory disease. 

Wo acknowledge Dr. Jackie Wyatt for editorial assistance and Defense 
Advanced Research Planning Agency for financial support. 
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Detecting newly emerging 
pathogens by MS 

Suppose that thousands of people in 
Washington, DC, are suddenly falling 
ill. Severe body aches and mysterious le- 
sions are the main symptoms. Hospitals 
are inundated with patients. Technicians 
are running lab tests as last as they can, 
but results from oil curing can take as 
many as seven days, and the tests are 
coming back negative for all known 
organisou. PCR-based tests, although 
faster, axe also failing co detect the new 
pathogen. What Can be done? 

Steven Hofstadler and colleagues 
at Ibis Therapeutics and Science Appli- 
cations International Corp. are working 
on a solution just in cue such a sce- 
nario does take place. With funding 
from the XJS. Department of Defense's 
Defense Advanced Research Projects 
Agency, they have developed Triangula - 
cion Identification for Genetic Evalua- 
tion of Risk (TIGER) — a new strategy 
for identifying both known and previ- 
ously uncharactcrizcd pathogens. 
TIGER can be used to identify a wide 
range of organisms, such as viruses, 
bacteria, fungi, and parasitic protozoa. 

The conventional methods of cultur- 
ing swabbed samples and using PCR 
primers to amplify spccics*spccuic re- 
gions of organisms' genomes produce 
true/false results, and many iterations 
must be run, says Hofstadler, "TIGER 
is one thorough best that answers the 
question, 'What is in my sample?* It's 
a big essay. 9 * 

According to Hofstadler, TTGER's 
power comes from the use of broad- 
range primers. 44 A broad-range primer 
is one that lands and hybridises to high- 
ly conserved regions of the genome but 
that flanks variable regions that have 
large differences in base composition," 
he explains. For example, although a 
particular set of primers may bind to the 
genomes of all Streptococcus species, the 
actual PCR products will contain differ- 
ent amounts of As, Gs, Cs, and Ts, de- 
pending on the species. The primers are 
also designed so that they all work well 
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A base composition plot for bacterial species. 

under identical conditions. Therefore, 
samples can be loaded onto 96- or 384- 
well plates fbr high-throughput PCR. 
Following PCR, the nucleic add prod- 
ucts are analyzed by MS. 

Sequence information is not ob- 
tained by the method. Instead, each 
PCR product has a characteristic num- 
ber of nucleotide bases and a unique 
m/z value, and these data are used to 
determine the identity of the pathogen. 
If an unexpected composition is dis- 
covered, the researchers map the new 
signature in 3-D or 4-D space along 
axes representing each nucleotide. Base 
composition signatures for other or- 
ganisms are also plotted- From this, a . 
phylogcnctic tree of relatedness can 
be constructed. 

TIGER can detect mixtures of organ- 
isms in the same sample. For example, 
Hofstadler says that by using TIGER, 
his group identified the SARS virus as a 
new member of the coronavirus family. 
When he and hb co-workers mixed SARS 
with two other coronaviruses, they clearly 
observed six peaks on the mass spectrum, 
two for each species. 

In December 2002, the U.S. Naval 
Health Research Center (NHRC) con- 
tacted Hofstadler and his team to iden- 
tify the pathogen responsible for an out- 



break among 
Marine recruits. 
The researchers 
confirmed that 
Streptococcus 
pyogenes was the 
culprit. "But the 
next thing they 
wanted to know 
was the Emm- 
| type, the 'flavor' 
j of Streps say® 
£ Hofstadler. Se- 
| quencing is rypi- 
| cally used for this 
^ | analysis, but his 
u | group used TIGER 
I to obtain base 
* composition tags 
instead. It took 
6 min to type 
each sample by TIGER- "We blew 
through these and rapidly had a bunch 
of Emm-types chat we thought were 
correct, and this was in December, 7 ' he 
says. "Then, in March, when [NHRC] 
finally got their sequencing results back 
and compiled, we sat down and agreed 
that we agreed." 

In addition to running the method 
through its paces, the researchers are 
also working on integrating all the 
components into a laboratory- based 
system, which will be called TIGER 
2.0. The Ibis group is already develop- 
ing the next version of TIGER, which 
Is being designed as a bench -top system 
suitable in size fbr clinical diagnostics 
laboratories. 

Biowarfate, infectious disease epi- 
demics, food contamination* and hu- 
man fbrensics are just a few of the ap- 
plications that Hofstadler foresees fbr 
the new method. His group is collabo- 
rating with many scientists in several gov- 
ernment agencies, and interest is strong, 
he says. TIGER has a good track record, 
coo- "We've analyzed over 20 roUlion 
liters of air with TIGER," he says. "We\e 
never false alarmed on a threat agent nor 
have we ever missed detecting an agent 
chat we've intentionally spiked into the 
air sample.* 
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Innovations 



EXHIBIT C 



The Universal Biosensor 

A drug company tries to make a detector that can find nearly any biopathogen By GARY STIX 



Chance Is often rhe best inventor. Isis Pharmaceuticals 
never set out to become a maker of sensors for bio- 
logical weapons. The company, based in Carlsbad, 
Calif., is best known for its work in developing anti- 
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INSPIRATION for IbteTherapautlcs's bra ad-ecan biodatattor cama when company 
president Davtd J. Ector realized thai a method used to scrMn Tor potantlaJ UNA- 
binding drugs might provide a means of looking for pathogens. 



sense therapies, rhe use of small pieces of DNA-like 
molecules that bind to messenger RNA (a copy of a 
gene) co block synthesis of an encoded protein. lis re- 
search led ro the formation of a division called Ibis 
Therapeutics, which develops chemicals other than 
DN A that would interfere with RNA. 

Along the way> Ibis discovered a method of screen- 
ing pathogens that might lead to a universal detector 
fox biological weapons— even perhaps nefarious, as yet 
do be invented bioengmeered strains of pathogens. The 
road to a universal biosensor began in the mid-1990s, 
when Ibis started looking for chemicals with a low mo- 
lecular weight that would bind to and block the activ- 
ity of RNA, the same mechanism used by many anti- 
biotics. The Defense Advanced Research Projects Agency 
(darpa) funded &ome of the research because of its in- 
terest in finding new drugs to counter the mkroorgan- 
used in btowarfare. Conventional high* through- 
put scrccrung—conducting a multitude of tests to mea- 
sure the interaction of drug candidates with different 
cnzyities— is ineffective for drugs that would work by 

binding to RNA. So ibis began co explore the possibil- 
ity of using mass spectrometry to determine when a 
small molecule binds to RNA. 

The company refined a technique called e te c tr ospr a y 
ionization*" as well as mass spectrometry, toextract" 
RNA and the bound drug candidate from an aqueous 
solution intact and then suspend those molecules in a 
vacuum, where they can be weighed* A* the methods 
proved themselves, Ibis president David J. Ecker came 
to the realization that pulling out the FKA alone, with- 
out the bound molecule, would provide the makings of 
an extraordinary sensing system. 

After RNA from a cell is weighed with the spec- 
trometer — each ceil has multiple types of the mole- 
cule — these very precise measurements, accurate down 
to the mass of a few electrons, can be correlated with 
a database that contains information about RNA 
weights for a given pathogen. Each weight in the data- 
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base table corresponds to the weight of 
the exact number of letters, or nucleo- 
tides, for a particular RNA. As long as in- 
formation about the nucleotide com po- 
sition is in the database, the systerxi., 
called TIGER (triangularion identifica- 
tion for genetic evaluation of risks), can 
identify any bacterium, virus, fungus or 
protozoan. Before the RNA is weighed, 
another cririca I step is necessary? the poly- 




HICR0B1AL SCALE:TheTieERsyeWrnusftll 
mass spectrometer to gauge the waJght of a 
mlcroorg»ni*fn'£ RNA, 
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m erase chain reaction must make copies 
of stretches of DNA or RNA that are 
found in all cellular organi&m? (or, for 
viruses, in whole families of them). 

Six months before last year's anthrax 
attacks* Ibis and partner SA1C, a contract 
research house, received a $10-million 
DARFA grant extending over two year? to 
do a feasibility study for TIGER. The 
goal of the program is to develop a sys- 
tem that can detect the 1,500 or so agents 
known to infect humans. This approach 
differs fundamentally from the way oth- 
er biodetectors are designed. Most sys- 
tem* use an antibody or a piece of DNA 
as a probe to bind to a protein or nucle- 
ic acid in a pathogen. These tests are lim- 
ited to detecting a email subset of the uni- 
verse of pathogenic agents. And an anti- 
body probe for, say, anthrax needs to 
make a match with die exact strain of the 
specific bacterium it is targeting. 

NOVEMBER 2002 
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With TIGER^ if information about a 
pathogen is not in in databases— because 
it a a newly evolved strain or a specially 
biocogmeered bug— the software can flag 
any genetic likeness it has with other rni- 
crcoigariisms, "The database will say, Tve 
never seen this before, but it's very simi- 
lar co Yersinia pestis [plague],'" Ecker 
says. The detector would not, however, 
be able to pick up some genetic alter- 
ations of a microorge nism— for instance, 
a gene for a toxin put in an otherwise 
harmless microbe. 

Although biosensors were never part 
of Ibis's business plan, about half of its 35 
employees are now on the TIGER team. 



ties. The extent to which TIGER can read 
pathogen signatures in complex samples 
will determine how effective the technol- 
ogy is, "The question is how far can we 
ultimately push it," Eckcr says. 

In April, Nobdist Joshua Lederberg, 
a scientific adviser to Ibis, hosted a con- 
ference at the Rockefeller University to 
explore ways in which various govern- 
ment agencies could adapt TIGER to 
their particular needs. If tests prove suc- 
cessful, Ecker foresees a detector eventu- 
ally in every hospital, clinic and surveil- 
lance center, which could report back to 
a central monitoring site. How many of 
these systems would be deployed would 



If information about a pathogen is not in its 
database, TIBER might say, "I've never seen this before, 
but it s very similar to the plague bacterium/' 

"Work at the company continues on se- 
quencmg the relevant genes do extract the 
needed RNAs%r»tures for porwtatingthe 
databases— or obtaining this information 
from sequencing erfbns under way world- 
wide. One of the biggest challenges the re- 
searchers still face is how to tell one piece 
of RNA from among thousands of speci- 
mens in a complex sample, such as a bail 
of dirt. "That requires very complex sig- 
nal processing,'' Ecker says. The problem 
that Ibis had encountered was one that 
radar engineers deal with constantly. In 
fact, this was the reason behind the col- 
laboration with SAIQ which produced 
culture shock when ibis's molecular biol- 
ogists began to work with SAICs radar 
engineers. ''We spent the better part of a 
whole year figuring out how to communi- 
cate wim each othr^" Ecker remarks. 

According to Ecker, it would have 
been easy to detect die anthrax in the let- 
ter sent to Senator Tom Daschle of South 
Da kota in October 2001, because the en- 
velope contained no other biological ma- 
terial. Finding a small amount mixed in 
with other organic molecules is much 
harder; researchers are still laboring to 
improve the signal-processing capabili- 



depend in part on society's fear level 
about biowarfare — each of the mass spec- 
trometers alone could cost $200,000. 
"Although TTGER is an extremely pow- 
erful tool, it is a big, cumbersome and ex- 
pensive mach i n e. Plus, it does not give re- 
sults in real time," notes Rocco Casa- 
grande, a biologist with Surface Logbr, a 
dnig-cUscovery company that has done 
work in bbdetection [see "Technology 
against Terror," by Rocco Casagrande; 
Scientific American, October]. 

. Ecker's optimism about the technol- 
ogy, though, extends beyond bioweap- 
oris. The detection system can be used to 
look not only for biopathogens but for 
any kind of disease-causing organism. 
Ecker believes that it could enable labo- 
ratories to forgo many of the time-con- 
suming processes needed to determine if 

a particular microorganism is present 

whether that bug is measles, anthrax or 
a newly emerging infectious disease. "If 
my vision holds, this could supersede a 
lot of what takes place in infectious mi- 
crobiology,* he says. "There would be 
no need to culture things anymore." 
Thus, a bioweapon sensor could become 
a universal disease sentinel n 
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THE EVOLVING FIELD OF 
BIODEFENCE: THERAPEUTI 
DEVELOPMENTS AND DIAG 



James G Burnett*, Erik A. HenchaP.AJan JL Schmaljohn* and Sina BayarP ~ 
Abetrart | The threat of Woterrortsm and the potential use of biological weapons against 

™T WU,ati0na h3S a concern for go^^^^amu^d 

«^rld. For example, m 2001 anthrax-tainted letters resuKed in several deaths, caused 

" ' mpaCt th9n ^ -** <* a ^-Bcaie attack would 
be catastrophfe. This review covers recent progress in developing therapeutic 
I countermeasures against, and diagnostics for, such agents. 

Microorganisms and toxins with the greatest potential 
for use as biological weapons have been categorized 
usmg the scale A-C by the Centers for Disease Control 
and Prevention (CDC). Thii review coven the discovery 
and challenge* in the development of therapeutic coqn- 
teraeasures against select microorganisms and toxin* 
from these categories. We also cover cariatlng antibiotic 
treatments, and early detection and diagnostic strategies 
tolntervejjmgagamstthe^ 

in dkease progression ™* prognosis can still be 
mfluenced; and to guide the selection of the optimum 
therapeutic protocols. Pnrthernic^alrJio^adetaaed 
review of vaccines for biothreat agents eaeeds the acop* 
of am manuscript, tujin^^ 

the described therapeutic* will most Kkely be used in 
carnation wfth vaccines, 
tfjftovir^lrjQg-tenn imnmnc-protechon- 



Comtvrtng biological toxins 

Research to io>nrify/develop therapeutic against bio- 
logical toxins rails into two categories: relatively large 
biological inhibitors, such as antibodies and decoy 
proteins; and arnall-inolecuk inhibitors (both peptidk 
and non-peptidk). The testification and d£5op- 
rnent of therapeutics against am^irax toxin, brAiHinim 
neurotoxins, ridn toxin and staphylococcal entero- 
toxins are discussed. Tins section is limited mainly to 



small-molecule inhibitors, and a brief review of anti- 
body development and design against biotoxins is 
mentioned in table i. 

Anthrax tatcin. The toxin secreted by itnuusAMrmAica, 
anthrax toxin (ATX), possesses the ability to impair 
innate and adaptive immune responses", which in 
turn potentiates the bacterial infection. This suggests 
that inhibiting ATX activity is a viable therapeutic 
modality — blocking the actions of thia toxin should 
provide the window of opportunity that is necessary for 
conventional antibiotics, in combination with the 
inherent immune response, to clear the bacterium well 
before deadly sepsis and toxic shock occur. Ft cure i 
shows bow lethal toxin (IXwiifc^ccar^isespTotecav* 
antigen (PA) + lethal fector (LP)), attacks cells. The 
potency of IX is shown in TABLE a. 

The action of ATX can be inhibited in several ways. 
One method would be tainted 
atad cleavage of PA to its active form (PA^J following 
host^reoqtoWmlir^ 

has been identified*, and has demonstrated the capacity 
to delay ATX toxaemia m v/*^.ftjltowingthifl approach, 
a more potent nona-i>-arginine has been generated 10 . 

ton-functional (decoy) PA mutants ti^co-^ssemMe 
with wild-type PA, and Interfere with Ufreoema factor 
(EP) transport into the host-cell cytoaol, have shown 
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ANTHRAX TOXIN 

A. <antptai composed of tfccc 

pn*kw; pnttftti* tnttgea fPA), 

ietW tour (LF) ana oedtraa 
frCtor(EF). 

SNARSOOMKUX 

A coraplfxttnpasedof 
5MAFZ5. VAMP (aUd referred 
to Aijj»jptebnvln) and 
vnoiirt rttef ii inveivcd b 
membrane fai|an md the 
e*oqto»* gf MKytdioUne into 
Munmuicjeir Junctions. 



Table 1 j Antibotfhkm that t»rtjot biological toxin* - 



Target 

Anthrax town 

Bctutnufn 
ngurotcodns 



Rtcln 



Source 

Human, humanized 
QAdrr&xine 

Human, humanlzad 
and murine 



Avian and murine 



Staphylococcal HLrnan, a/lan 
enterotoxina ana murine 



Comment* 

Kteiyhaxfishc^ protection 
town end BacSusen&nds. 

AfittootfesagaMsfteflsevena^^ 
nave been uaad In combination; am^rrmhtbecnjcWfar 
PJ^afooi Broad naitrallzinD antibootes are needed. 
Moa tantlbocfles are against the oart^eodcrfmetoxrt 
should expire other stes. 

1^2? ^^P^oteoitao^ vbo. CrftioalrteedftafhfahafWy 
anflbod^ Genetic^ inai^^ 

ffI^51 Afi ^SS *** ****** *irnageev9nh 
suvivfrg subjects** Adjunctive therapeutics are d^red. 

Some have shown protection against asrosoteed loxh. 

f*&d»iai^^ 

ailstaphycKxcc^eTTtgtrtQM^ 



. 180-185 
I8&-194 



19S-2Q2 



62.203.204 



promise 1 Another method would involve Interfering 
with PA-LF or PA— EF binding events. A polyvalent 
compound consisting ofa polracrytamidc backbone 
substituted with multiple copies of a peptide (HTSTY- 
WWLDGAP) provides protection against IP", finally 
identifying or generating molecules that bind within the 
PA heptamer pore, thereby blocking LF/EF release into 
the host-cell cytosol, is also a potential avenue for toxin 
mnibrtiML In anticipation of such research, Nguyen 1 * has 
generated a structuraDy viable PA heptamer rnodel that 
v^beusenifi^hjniredrugdbo^wy. 




A eef^uo of enthfw taidn ^ 
tfBheptam^ btncteLB d I t>» <*™r±~ r- T!T . ractor (EF) (n the depletion 



LF has been recognised as one of the main viru- 
lence components of *nthmci± Consequently, 
there is much interest in identifying inhibitors of this' 
nutalloproteas*. Several bydroxamate inhibitors of 
LF have been identified 1 **", one of which. In-2-LF", 
has a K. = i .o nM m vitro. By incorporating a metal- 
chefating moiety, a potent inhibitor MKARRKfCVY?*- 
UHOH (K { = 0.00 J 1 jiM) was generated 17 ". Using 
this wfbrmation. additional peptidic Inhibitors were 
identified 17 (Tables), Panchal el used a high- 
throughput assay to analyse the National Cancer 
Institute's (NCr*) Diversity Set Several small (non- 
peptidic) molecules with drug- like properties were 
identified (table a; pic. 2*), Some of these compounds 
were identified via subsequent three-dimensional 
database mining. On the basis of compounds identic 
Bed during this study, a common pharmacophore for 
LP inhibition was generated that will provide a tem- 
plate for identifying new leads. The search for LF 
inhibitors has also prompted the application of less 
conventional technologies — for example* a mas* 
spectrometry-based technique was used to identify 
the inhibitor DS-998 (TABLES) 7 ', Finally, nature ha* 
proven once again to be a pharmaceutical treasure 
cheat: natural products, mdudfcig epigalloi»techin-3- 
$allate (iC M = 97 nM). an isolate of green tea (Table 
and aminoglycosides, including neomycin B (K 
= 7.0 nM) a , are potent LP inhibitor*. 

Two notable inhibitors of the adenylate < y fa _^ 
ityofEF were identified during a screen of the Available 
Chemical Directory database 11 {Table *)» whereas an 
active metabolite of adefovlr dipivx&ril (table 4) was 
found to selectively intribit EF with hlph gfKmty* 

Botulinum neurotoxins, Botulinum neorotoxins 
(Bo*TO) are the most potent of the biological toxins 
(TABLE 2), are easily produced and can be delivered via 
an aerosol route 25 . There are seven BoNT serotypes 
(A-G), and each cleaves a specific component of the 
soluble ^ethyiaialeimid^senshTO fector attachment 
protein receptor snare complex. This cleavage impairs 
the release of acetyfchoiine, and can lean^deadry flac- 
cid paralysis. The toxin is composed ofa heavy chain 
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'Table 2 1 Gompmram* biologic* potency of blodefence tonfiS" 

BotuammttwhA 
Tetania toxri 

Dtptherta (oxtrt 
Maaotca* 

Qguatoxh (P-CTX-1) 



Batradxxoxln 
Rlctn 

TetrocJot&dn 
Saxftoxh 

Stepftytoeoooal 
enotBrolcKln B 

Arcvsxtefrta)taxr> 

MtCtocyStki 

Aoontttrw 



aooi 

0.O02 

O.002 

0.02- 

0.1 

0.1 

0.2 
0.7 

2 

8 
TO 

10 (aerosol 
nonhurnan prrnat&s) 

50* 

50 

100 

1,200 



Bacterium 
Bacterium 
Bacterium 
Bacterium 
Bacterium 

Martha dinoflaganate 

Marine cflrxxtegaflatefibcvi 
plant 

Poison arrow frog 
Ham 

Ptrfferfch 

MarViedtnoBagolate 
Bacterid 

Bacterium 



Rant 
Fungus 



— - nungtg 



Isolated fiw* ntdiflf Owcutar 
pfetu (Mo &wi c am mwiH), rfcln 
taoncDnsbCiof j 32-kDiB 
<tii«i (htf 9 linked bjr ■ 
dwdphWc bridge co a 32 -kOi A 
d»la (RrA)"*» The A chtin 
btodtcil mrfccra. Oner 
*t <ct cytopfcsn, KlAi» 
«fca«Bt tad inewenftdy 
<fcjrartJiite»th*28S ritNA, 
dotfroyiDg thecfansttioD- 

dbdhDi^ vdhifatr proceln 

IaPHYLOCDOCAL 
BtlEltUJUWtt 

toxins 

■hit engage both 011)4- 
Urt*ooajp*tibffl^ ootnpEac efess 
Hmoto aik»oniheioiftfflof 
latfeefc-pteatming ceb«ad the 
«ft*l« 00 0-dnln ofi Urge 



CHC) that targets ganglxosidic receptors on nerve ter- 
minals, forms a low-pH endosome and translocates the 
ligit chain (LC) into the nerve cytosoP** The LCacts 
as a zinc roetaDoprotease, and is respoiisibl* for SNARE 
protein deavage™. The HC end the LC therefore pro- 
vide two viable targets for neutralizing this toxin. The 
vast majority of research to identify BoNT therapeutics 
has focused on serotypes A and B. With regard to 
inhibiting HC activity, Deshpande errand Sheridan 
«r aL* 3 have proposed that several antimalarial com- 
pounds, which delay muscle paralysis following BoNT 
serotype A (BoNT/ A) challenge, act by interfering with 
the acidity of the toxin-mediated endosome. In addi- 
tk^Eswarainoorthyet^ 

structure of doxorubicin bound within the BoNT 
serotype B (BoNT/B) HC gwtglioside-bmding site. 
Such inhibitors would interfere with the ability of the 
toxin to bind to its neuronal receptor. 

LC inhibitors would be Crucial to rescuing nerve 
activity after toxin internalization. In the search for 
such therapeutics, a number of short tinge' peptide 
inhibitors of the BoNT/A LC have been described 1 *. 
However, the structures of these hinge peptides were 
not deconvoluted from the test mixtures. Using a sub- 
strate-to-inhibitor strategy, Schmidt and co- worker**-* 
generated potent inhibitors of the BoNT/A LC (Table sl 
Subsequently, a similar strategy was used by Sukonpan 
ct at 40 to identify additional peptldic inhibitors. In a 
recent study** small (non-peptidic and rionniiefatnig) 
drug-nke molecules that inhibit the BoNT/A LC were 
discovered (table s). Two of the most potent inhibitors, 
micheibmine B and Q2-15 (fig. 2b), are shown in 
Table 5. On the basis of the identified Inhibitor* ind 



molecular docking using LCs obtained from available 
X-ray crystal structures** 4 *, a pharmacophore for 
BoNT/A LC inhibition was generated* 1 that will be of 
value for ongoing drag discovery. Furthermore, 
Brddenhach and Brunger**heve recently solved the 
X-ray co-crystal structure of BoNT/ A LC complexed 
with residues 141-204 of synaptosorjial-assaciated pro- 
tein 25 (SNAP25) . This important structure reveals sub- 
strate-recognition exosites that could be exploited for 
inhibitor design. Tboseadanin* 5 , a trherpenoid natural 
product, might act at such an exnsite. 

The majority of compounds that inhibit BoNT/B 
metallopro tease activity are pseudo-peptidic in 
nature. However, two non-peptidic Inhibitors have 
been described**' 4 ' (TABLE*). With regard to pseudo- 
pepcides. phosphoramidon and three of its synthetic 
derivatives were round to be weak inhibitors** 
whereas buforin I has also shown activity against the 
BoNT/B LC**. Recently; a Cys- containing peptide 
inhibitor was also reported 90 . The most effective 
pseudo-pepticte BoNT/B LC inhibitors to date were 
identified during the course of several complemen- 
tary studies. Initially, a series of pseudo-tripeptides 
with nominal Rvalues were generated", In subse- 
quent publications"* side-chain modifications pro- 
duced more potent inhibitors (Table*) 0 . In the latest 
study; the pseudo-tripepride inhibitors were subjected 
to minor structural changes, and several compounds 
with K t values ranging from 2,3 nMtoS.4iuM where 
generated, with a symmetrical disulphide derivative 
displaying the greatest potency (TABLE 6)*. 

With regard to the BoNT serotype F LC, Schmidt 
and Stafford recently generated a potent peptidic 
inhibitor composed of VAMP residues 22-58 (J. J. 
Schmidt and R. G. $tanofd,pcrsonal ccannnmicarjon). 

/bew toxin. The potency of wc»«totn lsshowinTABLE2. 
In preparation for inhibitor development. Monzingo 
and Robert us M solved co-crystal structures of two 
substrate analogues — fbrmycin monophosphate 
(FMP) and dinudeotide ApG — bound to the ricin 
toxin A chain (JtXA), Using the FMF-HTA co-Crystal 
as a guide, Yan et aL* 6 identified the pterin-based 
inhibitors pteroic add and neopterin (Table 7). Both 
inhibitors were co-crystaBitedwith RTA (Ficsc). In a 
follow-up study 57 , an cir^zcJe-pyruiiidine ring system 
(90G) (TAB LB 7) was also found to inhibit the RTA. 
Aptamers (nucleic-odd ligand 5 ") that inhibit the RTA 
have also been generated. Hesselber th tt al» identi- 
fied a 31 -nucleotide aptamer, whereas lanaka er aL m , 
using a mechanistic approach* 1 , generated a variety of 
much smaller aptamers containing unnatural sugar 
and purine derivatives (Table 

StaphylococcalttittfVtaUns. st^Wojoooccal omfcjrrjx- 
ihs (SEs) stimulate a powerful cytokine and immune 
response, which has earned mem the name superanti- 
gens (SAgs). fig lire 2d shows the co-crystal of aSAg 
and a human class II major histocompatibility com- 
plex CMHC) molecule, SEs and other related exotox- 
ins have been implicated In various disorders and 
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lethal shock syndrome* 3 . Many of these exotoxin* are 
relatively easy to produce in large quantities and are 
remarkably sta We. When delivered by aerosol, these 
agents are highly mcapttitatirtg and lethal Modulating 
cytokine response* is one of the clear mechanisms to 
interfere with SE toxicides**- 1 * 

Soluble decoy receptor, high-affinity variants of the 
T-crfi receptor (TCR) V0 region have been engineered 
to Counteract SEs as therapeutic leads* 9 "*. Additional 
studies have now generated V0 proteins against several 
toxins with pfcnmokr affinities (FL Buonpane and D. 
Krani, persona! eommun IcationJ . Such high affinity 
might be essential for neutralizing agents such as 
SAgs, which are highly toxic even at extremely low 
concentrations. 



Although consensu; peptides as therapeutics are 
presently controversial, in some animal models these 
mimetic peptides have been shown to diminish the toxic- 
ity ofSAgs* 7 ^*. In one audi study. And and colleagues 50 
used a mimetic peptide and produced evidence that 
divergent &Ags inhibited gene expression of human T h l 
cytokines . In low molar excess over SAg challenge con- 
ccntration* this peptide mimetic protected mice from the 
lethal effects of a broad spectrum of these toxins, even 
when given post-challenge. The peptide is a mimetic of a 
dcroamb^ is structural^ - t 

is remote fiom binding sites forMHC dass II and TCR It 
has been proposed that SAgs might use this domain to 
bind to a novel receptor that is crucial for their action 
(Kaempfer Rpeisonalccjiraiuniratkin). 
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T^wttog tint patitogeRSs variola amd fUovfmses 

Thwapeu^forvii^mferttc^ 
rued as agents chat attack the virus and its replicarj ve 
cycle directly, or a* agents that assist and fortify host 
Immune defences. In principle, there are abundant 
targets and numerous strategies for both categories. 
table a provides an overview of the strategies and 
opporOmitiesavsrifablefonewi 
juxtaposed with some of the challenges in bringing such 
strategies into clinical use. the view presented is neces- 
sariiy incomplete* but serves to highlight both the 
apparent vulnerabilities of viruses and the extraordi- 
nary challenges inherent to dampening logarithmic 
viral replication to a medically significant degree. As 
reviewed recently by De Oercq 7 ', there are only 37 
licensed antiviral drugs (not including interferons or 



antibodies) available for clinical use. Many are for the 
treatment of HIV, U are for treating herpes virus (her- 
pes simplex virus (HSV^,\^iceila-ZostervfrusCV^V) 
and cytomegalovirus (CMV)) and 4 are for the therapy 
and prophybxis of influenza virus. However, a cause for 
optimism is that the viruses of greatest concern in 
biowarrare and bioterrorisrq cause acute viral infec- 
tions, which Cor lucky survivors is followed by immune 
recovery. Antiviral therapies therefore need only be 
effective for relatively short periods (see bok i for case 
examples of ffloviruses and orthopoxviruses). 

Antiviral drug^ Attach meat and entry remain enigmas 
for both filoviruses and orthopoxviruses, and emerging 
data are mired in uncertainty and controversy. The 
search for specific filovinis rece^rs 2173 has been coun- 
tered by evidence of more ubiquitous and unspecific 
lectin-like receptorsH 75 mat ra ^ li ^ difficult to antag- 
onize with drugs. However, recent structure-activity 
relationship (SAR) studies indicate that Cyanovirin-N, a 
carbohydrate-binding protein, might inhibit Ebola 
virus entry*, Orthopoxviruses, though very different in 
their surfaces from the sugary filaments of Ebola and 
Marburg, are similarly the subject of viral attachment 
and entry research 77 . Fusion inhibition* which has 
proven fruitful for treating both HIV and influenza 91 , 
could provide therapeutic opportunities for both viral 
genera, and is being actively pursued"- 90 . Inhibition of 
Viral replication seems to be especially feasible for both 
filoviruses and orthopoxviruses: numerous genomes 
have been sequenced, several key enzymes identified, 
basic replkauve steps described and structural associ- 
ations among proteins partially described 77 *' . 

This abundance of potential targets could result in 
several therapeutic approaches, including antisense 
targeting of the viral genome, Inhibition of the repli- 
case or polymerase activity by small-molecule 
inhibito rs, as well as other specific molecular targets 
essential for the formation of a repuration-compecent 
complex* 1 . The recent development of reverse genetics 
and (flovirus reporter-based mird-genomes**, as well 
as green fluorescent protein (GFP)-expressing Ebola 
virus", is expected to significantly facilitate the Identi- 
fication of inhibitors of fllovirus replication* Final 
assembly and viral egress from edit is simpler for 
filoviruses than foe poxviruses. Results from electron 
microscopy have long indicated that the final assem- 
bly of filamentous Ebola and Marburg viruses occurs 
at ceil membranes**-* and recent work has shown 
that filoviruses are among the subset of viruses that 
exploit specialized cell-membrane regions called lipid 
rafts* 7 . Filovims raft assembly might therefore be a 
viable target, Reverse genetics experiments can be 
used to explore whether a putative target, such as 
furin cleavage site of Ebola virus, is essential for viral 
infection**. Compared with filoviruses, poxvirus 
egress from ceils is considerably more complicated 77 , a 
situation that would seem to make the target even 
more vulnerable. Over the years, vaccinia virus 
mutants defective In various aspects of final assembly 
have been identified, host proteins implicated and 
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compounds identified that inhibit late partial* forma- 
tion. Additionally; the apparently eflective bur problem- 
atic antiviral drug cidofovir seems to be effective 
against many ortbopoocviruses, and U potentially useful 
for the treatment of smallpox and vaccinia™- 1 *. 

Adjunctive therapy, Filovirus infections are associated 
with a number of pathological conditions, including 
disseminated intravascular coagulation, which has been 
proposed to result from up regulation of tissue factor on 
the surface of leukocytes*. Partial success against Ebola 
virus Infections in rhesus monkeys using recombinant 
nema tode anticoagulant protein C2 has recently been 
reported 91 . Although this study is encouragtag, the utility 
of anticoagulant therapy In humans requires further 
studies — in particular in combination with specific 
antiviral therapeutics. 

Therapeutic antibodies* Both Qoviruses and Orthopox- 
viruses illustrate how the potential complexity and effec- 
tiveness of antibody-mediated protection is so often 
underestimated. Viral neutralization — commonly 
interpreted to mean the capacity of an immunngWmlm 
to interfere with viral attachment or entry — is only part 
of the protective rok of antibodies*, and is sometimes 
insufficient 

In rodent models of lethal Ebola and Marburg 
viruses, the administration of both polyclonal and mofV 
odonal antibodies unambiguously confers protection 
before and sometimes after* viral Infection, and the 
demonstration of virus-neutralizing activity in the 
transferred antibody is a poor predictor of its efficacy at 
vrro«-»* The few antibodies tested in sensitive non- 
human primate models of filovirus infection have 
delayed viruemia and death, but have rurt 
ventauVe when the viral challenge was fc4n^ w . This has 
led to premature assertions about the irrelevancy of anti- 
bodies as filovirus therapies. Lessons from viral vaccine 
studies with Ebola and Marburg viruses repeatedly show 



that antibodies to die viral grfcoprotein in conjunction 
with T-ceJJ responses to this and other proteins are 
required for optimal protection* 4 **" 102 . Attempts to 
influence clinical outcomes in humans by die transfer 
of plasma from convalescent to ill individuals pro. 
chieed encouraging results 10 *' 0- , but these studies were 
inadequately controlled and therefore incondusrve. 

A common observation in orthopoxviruses is the 
production of neutralizing antibodies (raised against 
inactivated virus) that alone prove insufficient to pre- 
vent disease and death, but which are protective when 
combined with an additional antibody population 
(found in serum from animals that had been infected 
with five virus)' ".We repeated this observation both 
with monoclonal antibodies 106 and with DMA vaccines 
that evoked antfrodies 11 * 1 * 7 ; in this case, even die most 
potent neutralising antibodies (against Che vaccinia 
virus protein LlR) were insufficient to prevent the inex- 
orable spread of virus in Infected animals. In contrast* 
an antibody to a virally encoded cell-surface protein 
(A33R) was sufficient by itself or in conjunction with 
anti -LlR to provide robust protection from vaccinia 
virus in ro dents • Others* extending die observations to 
additional proteins, have reported similar findings 1 *, 
and an experimental DKA vaccin e against monkeypox 
virus in non-human primates yielded concordant 
results 107 . This raises a question: how might antibodies, 
in addition to neutralizing antibodies, confer a thera- 
peutic effect? Early observations 9340 * implicated the 
capacity of antibodies to bind to viral proteins on the 
surface of infected cells, and subsequent observations, 
inducing those with ffloviruses and oithopoxviruscs, 
tend to be consistent with the proposed requirement 
that the targets of non»n«utralizing antibodies be exter- 
nally exposed. Mechanistically, one might evoke com- 
ptement-mediated lysis of cells, antibody-dependent 
cellular cytotoxicity (in which Fc receptor-bearing cells 
destroy viraDy infected cells), perturbation of late events 
in viral assembly (as in the drug targeting above) or, as 
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in the case of orthopoxviruses, the targeting of a par- 
ticularly important but quantitatively minor viral 
population IB *'« In terms of the therapeutic value of 
antibodies* complexity is added by the search for anti- 
bodies in addition to those that can be assayed rapidly 
by binding or neutralization. HbtoricaUf, the potency of 
vacdnia immune globulin (licensed for the treatment of 
smallpox vaccine complications) was judged by its neu- 
traK2atJon capacity a strategy salvaged by the acquisition 
of antibodies from donors whose sera also contained 
many other antibodies as well 1 ■ 

Augmenting or protecting innate immunity The goal 
of some antiviral agents is to tip the balance of the 
immune response towards innate immunity and allow 
specific immune clearance mechanisms (adaptive 
immunity) to take over 1 At the crossroads of many 
innate immune responses are interferons, 4 family of 
molecules that can directly evoke antiviral responses. 
However, the utility of interferons as broad-spectrum 
antiviral* has been limited both by the transience and 
the toxicity of their effects. This has engendered cau- 
tion about the prospects for a broad array of other 
newly described cytokines that also stimulate innate 
immunity. On the other hand, other opportunities for 
drug intervention have arisen in targeting viral 
pathogens. The identification of proteins produced by 
vacdnia and influenza virus that act && interferon 
antagonist** > «» was followed by the demonstration 
that Ebola"* and Marburg 1 » viruses also make inter- 
feron antagonists. Additionally, orthopoxviruses syn- 
mesize an impressive array of homologues of cytokines, * 
cytokine receptors, complement proteins, growth hor- 
mones and other molecules — the effects of which 
could confound innate immune responses 1 ,a . Our abil- 
ity to modify the innate Immune response in a thera- 
peutically significant manner necessitates a deeper 
understanding of the role of the components of this 
arm of the immune system in specific viral infections. 



Recently, a crucial role for natural killer (NK) cells was 
defined in protection against Ebola infection 1 ". 
Interestingly; adoptive transfer of NK cells treated with 
Ebola virus-like particles and not inactivated Ebola 
virus resulted in significant protection of mice against 
lethal challenge, indicating that mobilizing the effector 
innate response early in infection might be a promising 
therapeutic strategy against ffioviruses. 

Targeting host pathways. Viral pathogens have evolved 
over millennia by adapting tp a limited number of cellu- 
lar mechanisms for cellular entry, replication, assembly 
and budding. Although a tremendous amount of effort 
has been devoted in the past decades to the develop- 
ment of therapeutic strategies targeting virus compo- 
nents* half of this work involves a single virus (HIV). In 
contrast, the common cellular pathways used by a wide 
array of viruses have been largely neglected as thera- 
peutic targets. In this regard, genetically engineered 
microbes represent major challenges for biodefence 
both because the pathogenicity of the organism might 
be unrecognized and/or the pathogenicity might be tai- 
lored to counter existing pathogen- targeted therapeu- 
tics. Host-targeted therapeutics would be the most 
viable option in coping with such unpredictable chal- 
lenges. Such host-targeted therapeutics would have two 
advantages: they would act as broad-spectrum thera- 
peutics and block all of the viruses that use the affected 
pathway; and they would make it more difficult for the 
pathogen to develop resistance, because there would be 
few alternative cellular pathways available for the virus 
to take advantage of Besides cellular receptors and co- 
fectors, a number of intracellular pathways, such ai 
the vacuolar protein-sorting machinery'", cytoskehs 
tal network 119 and components of cellular antiviral 
defence 1 , have been identified as crucial for viral 
pathogenesis. However, despite these advances, our 
understanding of the host pathways involved in viral 
pathogenesis remains limited Genetic appioaches such 
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as RNA interference (RNAi), as w*fl as various physical 
and functionfll knockout technologies, need to be 
applied to identify host genetic pathways involved in 
viral pathogenesis and to establish the degree of com- 
monality gf these pathway? across viral families. 
Molecular details of these pathways and the nature of 
their interactions with viral components need to be 
intensively studied by genetic, biochemical, structural 
and modelling approaches. This detailed body of 
knowledge would Serve as a basis for identifying host 
targets and the rational design of broad-spectrum 
therapeutic strategies. 

Extwtkig antlmlorobtai tr w tmo nU 

At this time there are therapeutic protocols for treating 
those infected with many of the bacterial biowarfere 
pathogens. However the scope of iwveryw variable— 
in the case of individuals infected with inhalational 
anthrax there is a limited window of c^xirfciiiity during 
which antihiotics will control and eliminate the infec- 
tion. This section of the review covers characteristics 
C&BLE9) and current drug therapies fartrireebiawar&re 
agents anthrax, plague and tubuuenm 

Naturally occurring strains of B. anthracisare 
generally susceptible to penicillins, first-generation 



cephalosporins, tetracyclines, rifampin, aminoglyco- 
sides, vancomycin, dmdamycin and fluoroquinolones. 
It was recently found that 20 strains of fll an Area* also 
show sensitivity to unipenem, meropenem, dapto- 
mytin, quiniir>ristmHialrbp ristin, hnezolid, GAR93& 
BM5284756, ABT773* LY333328 and resistance to 
clofazamine'W.The CDC and the Working Group 
for Civilian Biodefense treatment guidelines have been 
published for treatment of pulmonary anthrax 1 *\ and 
are provided in Table 10. The choice of the second or 
third antibiotic should be influenced by the likely 
resistance pattern of the strain causing the infection* 
and consideration should be given to antibiotics that 
penetrate the blood-brain barrier (penicillins and 
carbapenems, for exunpte) due to the high frequency 
of meningitis associated with inhalational anthrax 
exposure'* 5 . The duration of therapy is controversial, 
but involves at least 60 days of treatment 11 * 1 *. 
Corticosteroids have been mentioned aa a possible 
adjunctive therapy in the setting of meningitis or 
severe mediastinal oedema 1 ", but there are no data to 
ddimtivery support their use. 

A major concern with regard to a ottfcrrcand other 
microbial bioderence agents is genetically engineered 
antibiotic resistance. Several reports of recombinant 
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plasmlds that confer antibiotic resistance when 
Inserted into &. amhracishw* been published. One 
plajmid-containing strain was resistant to tetracycline, 
doxycyclinc and minocycline 13 *. In another study, a 
recombinant pbsmid encoding Sot resistance to peni- 
cillin, tetracycline, chloramphenicol, ri&mpin. macro- 
lides and lincomycin was inserted into the R anthracis 
strain STI- 1, which reportedly stably mherited the 
plasraid Over several generations 117 . The possibility of 
antibiotic resistance in this pathogen indicates the 
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importance of initial combination therapy when 
exposure to a genetically modified strain is suspected. 

reftswx* nsTts is typically susceptible in vitro to peni- 
cillins, many cephalosporins, irnipenern, meropenero, 
aminoglycosides, amikacin, quinokmes and tetracy- 
clines. It is variably susceptible to trimethoprim, chlor- 
amphenicol and rifampin, and is commonly resistant to 
macrohdes, clindamycin, novobiocin, quinupristin- 
dalibprittin and do&zamine (H. Heine, personal com- 
munication), (Sec table io for recommended antibiotic 
treatments lor pneumonic plague.) The preferred ther- 
apy for Y. pestis infection is an aminoglycoside, with 
streptomycin as an FDA-approved medication and 
gentarnidn often mentioned as an alternate antibiotic 

Although rarely reported, naturally occurring* 
highly antibiotic- resistant strains of Y. path do occur. 
In a recent report, a strain isolated from a boy in 
Madagascar was demonstrated to have acquired a plas- 
mid that mediated resistance not only to streptomycin, 
chloramphenicol and tetracycline* but aho to avnpi- 
cfllin, sulphonamides, kanamycin, spectinomyciii and 
minocycline. These naturally occurring, highly resis- 
tant antibiotic strains are extremely concerning with 
respect bo the development of biological weapons. 

FMNCSsaiA TVLARBtstris generally susceptible in vitro 
to aminogrpcosides, tetracyclines* rifampin and chloi* 
amphenicol ,2 '- w * however, many strains seem to be 
resistant to ^-lactam and monobactam antibiotics 1 ^. 
(See table io for recommended tularaemia treatments.) 
Similarly to the treatment of plague, streptomycin or 
gentaraictn are the preferred therapy when there are no 
contraindicatLons to the use of these medications 1M > IJI9 . 
Gpraucooadnwaseffixtto 
outbreak in Sfcafei 1 * 

Rapid det»etson smd diagnostics 

The early detection and diagnosis of infection or 
intoxication with biological select agent and toxin 
(BSAT) is rwftfnrfal if intervention is to occur at a point 
at which the prognosis can still be mifoenced, and also 
to guide the selection of the opthiiiun therapeutic pro- 
tocol (table io)» In addition, such information can 
greatly facilitate the logistics of mobilizing supplies 
and personnel to areas of exposure, Here, 'detection' is 
defined as including those technologies required to 
identify a biological threat in the environment before 
or coincident with exposure. Environmental detection 
usually involves the testing of air, sou, fomites, water 
and foodstuffs. 'Laboratory diagnosis' Includes those 
methods used to confirm the clinical observation* of a 
physician by evahiaann of standard din fed sp edm^^ 
such as blood, Serum, exudates, saliva, stool and tissues 
(table The necessity for the rapid detection of 
BSAT- related Alness and intervention with optimal 
therapeutic protocols was well illustrated during the 
2001 anthrax attacks cbqx z). 

Challenges facing ike National Laboratory Rzspon&t 
Network* In 1999 a national laboratory response net- 
work (LRN) for bioterrorism was established by the 
CDC to test for biological and chemical agents (see ptg> 3 
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Tabfe 6 1 QuMteMng viral rapltoottone opportunitis* and challenge* 

Vital event Dynamic coneequenoes Oppertuntttoe 



Virus (free or 
evtracefkiar) 



Attachment to eels 



Bury, fusion, release 
of viral ©enoms, 
treftsfocatfori 



Complex cydaof 



Gradual tectivatton rn a cefl-free 
environment 



Ending of vtrue to receptors) or 
unspecrflc faands. Earliest 
agnafifng of mate fcmmuTtty; 



or DMA. sometimes Stepwes or 
compartmentalized. Early defence 
ce&cedea activated, Inciudha 
fnterferon&, RNAi, apeptoste. 



. , - GbD defined cascada? are ampISod; 

tra nscription , translation vte antagonist of intra- artf 
andganomoreplcation extracellular defences proerueacfe 

vlnol proteins on csB surfaces 
expressed; vsral proteins 
secmte^MHC-aeaociatedvM 
peptides processed; perturb 
'normal' eel surface. 



Specific or quasi-speeffle 
associations between viral protects 
end nucleic acids. 



SaJhasgembly driven by specific 
binding and movement of proteins: 
preferorttial assernbly in specialized 
P^telnsjtor exempted Ipid rafts); 

pathways (for example, TT&Q1 01); 
cefl eateuetion end apoptoste; 
and death. 

ijogarithmic ampllflcaDon of 
vitt) burcran; fatal virus- induced 
lesions In crude! organs: triggering 
of "cytcWne stormsV 
Irrminopathology from potent 
butr 



an Orchestrated, 
coiTipartrnentalzBd 
ercapatfationof 
nud Bfcaoj dwtn 
viral proteins 

r^ialassernbry: 
odnrnvoVa 
transboaliuri, 
acquteffion of outer 

capald sr^or budcing 
from eel membranes 



ne p il iU u nfr) tqlo. 
ma tfyyted by 
tissue tropisms, 
damage and asease 



Specific bholng and harmless removal of 
virus — farexErnp^byantibOOlea, 
hBteropory m eis and small molecules. 
SpectftebJrx^byoVugcraftti*^ 
destaciize or ireverstoty stabilize coat 

Receptor blockade by antibody*? or 
other drugs. Oeiber^ prior acOvatlor) 
ry innate (mmunity. 



Binding to fusion domafn. fusion Inhibition. 
Targeting exposed RNA, DMA, fcrexampte. 
nuclease, anteense. 



Specrtcaly Nnd/dsrupt wal protein/nucteiO' 
add functions end friteractJons (for example, 
protease inNbitors and replcaee inhflortore); 
cornpetivVeJy inhibit viral arrtsgonte of Innate 
and adaptrve irnmuntty; specslcaJry target vfraJ 
proteins on ceil surfaced (for exarrple, 
antbotfes tor ADOC or targeted toxin); 
exptaft. empffy and Influence the (mats 
and adaptive responses (lor example, 
NK cote and CTL) to elmtnate 'modfBad saJP . 

IdentSrV end irttbft protein-protein 
Interactions: perturb nudete-acid 
enonprtrtartan motrfatrfr* example. u^hQ 
a drjQ antagonist or antteensey. 



and and dorupt proteins fnvofved in final 
packaging; reversfcly perturb essential 
ceflutar ates and proteins. 



Treat symptoms to sustain victrn until 
Immune system prevails; menage 
Immune response and cytokine polarity. 



Challengos 

Phervstypjcvartalion off viral population 
(quasl-sped&s). Poaaiblfity of 
enhancing uptake and therefor© 
cfceasa Natural diversity of coats 
emong vtal species and strains. 

Genotypic and phenotypfc vartatfon 
present In an amplifying virus papulation 
and escape mutants, Reduitdanoy and 
degeneracy In viral and pel rapeptors. 
Adverse arid transient effects of' 
acevatingfrramrrwTH^rity 

Fusion domalne often cryptlo, and 
are only translerttiy accessible. Nucleic 
acids protected by viral proteins, 
comperlmentafizaSon. 

DeDvery of active compounda to 
jmnaoajM ar targets; Identification of 
appropriate taryels; escape mutants* 
variation t* uong viral strains; 
^sufficient knowtedga of how to safety 
menfputate the tnmune system 
without exacerbation of<fisease 
&X\ autdmmcrtfcy In some fndrvidluals. 



Detvary o# active compounds to 
IntraceiKiar targets: Identification of 
appropriate targets. 



DeOvery of active oornpounds to 
bitraceCuter targets; identification of 
appropriate lnyHte: overall safety of 
compounds that disrupt cetutar 
processes. 



Discovery of active ccmpourKfS; 
addressing issues of drug or antibody 
pharmaooT<»Teite rJoavonabtty, 
efficacy, feasftrtty end safety. 



FtW*CIBELLA TULARE&SlS 
The cioeMiw agent of 
b^nent a, iris a AmaD, Aerobic 
Qwto-n^ttw coooobadlli. Hdi 
agent U (he taost faiMoui 
ftBfDAt) pvtfat^Bi tauwn. hi (be 
pan, both thefwmer Soviet 
Utakmtnd tbeUSbftd 
piofnmma to dewlop v^apenu 
contafartngthfa tttdcrann. 



for a schematic of the process) that could be used during 
a terrorism incident 1 ""'N'. Each laboratory in the LRN 
follows the same rules for sample collection, shipping* 
agent containment and testing. UtH laboxatortei nuin- 
tamjeoir^ cnmTntinjrfltir tii dwnwA **n?Hgmfmsdv», 
state and local health authorities* CDC and Other fed- 
eral agencies. The mission of the LRN is to maintain a 
laboratory network that wifl quickly respond to acts of 
biological and chemical terrorism. The system is now 
organized into a collection of surveillance (previously 
known as level A), confirmatory (level B and C) and 
national laboratories (level D). 

FDA- approved assays do not exist for most BSAT. 
Hie CDC therefore provides LRN-registered clinical 
laboratories, which are the front-line laboratory 
responders to biological terrorism* with approved 
protocols for most of the category A agents and some 
category B agents, LRN protocols use an integrated 



system of well-established microbiological methods, 
PCR gene amplification and improved immunodiag- 
noitic assays'". CDC-suppljed reagents and standards 
exist for the identification of R anthtuds, BoKT/A. Y. 
pestis, F. tulorensis^nd Brucdhxspp* For a large number 
o f agents, specimens must be sent directly to the CDC 
in Atlanta, Georgia* USA, or to designated LRN refer- 
ence laboratories because of the eatreme hazard they 
represent to clinical laboratory personrielandthetech- 
nica] complexity of the analysis required In most cases 
the LRN system requires a combination of a screening 
evaluation at the level of the local hospital clinical labo- 
ratory and confirmation by a hierarchical reference 
laboratory in the system- table io shows the estimated 
rime required for conducting LRN protocols, assuming 
a low-complexity sample or specimen. We can expect 
that the time required for laboratory confirmation vrfll 
be worse for samples that must be transported to the 
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~febie 9 1 ChttmctorteBce of •olcoted BSJkT 



BOAT 

Anthrax 



DotuOsm 



Hague 



&nalpox 



Tularaemia 



Bt)o(aand 

Marburg 



Viral 



Biological charaotertstloo 

Or^m-po8?tiv© rod; spOrQ-formtng; 

aerobic; non-moUe; catalase poetfve; 
lango. srey-wnKe to white, non-haemolytlc 
colonies on ehoop-btood agar piatse. 

Qranvpositfv© rod; gpo^-fiorrrtng; oblgatB 
Anaerobe; catalase negative; ipese 
production on egg vok agar; 1 50-kDa 
protein toodn (typos A-Gfo 2 suburbs. 

(^am-nsgat^a ooooobadU often 
pJecmorprtfc; non-spore taming; factitatke 
anaerobe; rtorvmobia; beaten copper 
ootonias (MacConke/sftoM 

Large ckxibte-strancted DNlA vrus; envetcpecf. 
brick-^heped morphology: Guamterl bodies 
Wrus Inclusions) under fight microscopy; 

ExtramaV small, pleomorphic, Gram-negatS**© 
Coocobacili; non-spore forming; fecuJtativB 
tntracoftiar parasitB; non-rnotle; catalase 
poaffive; npqfcn^ocnt smooth colonies on 
cysteto heart agar. 

Lhsar, negaU^sewsinp^d-etrendBd RNA 
virus; enveloped; fiarnenfcxe or plecfnoiphio, 
with exiensivo brancWng, or U-shaped. 
O-sheped or circular forms: Emftfid cytopatWc 
effect fh^roceHa. 



OQnJcal soecarnena 

Blood; cerebral aptnaJ fluid; 
ptBural effusion fluid; 
sMn-teeion material such 
as vBsteutar fluid or eschar. 

$erurn; cjastrfc aspfrates; stool; 
raeplratory secretions. 



Lymph node smears; 
aspirates: sputum; otood: 
cerebral spinal fkid. 

Throat swabs; Induced 
raspk a toy secretions; serum; 
aspirates; tissue scrapings. 

Blood culture; serum; ulcer 
material conjunctival 
exudates; sputum;' 

I exudates. 



Diagnostic metrioda* 

Culture; T-pnao^ 

sensitMty; 

ImrnunonletC^nemtetry; 
PCR. 

Culture; Irr gTiunpq ssay; 
mouse' neutrafzaH on 
assay, PCR. 

Cultures 

irnmuriofkjorescBnce 
essay; PCR. 




L^aarpositKe-eensasina^alrari^ 
enCephafltfddS RNA v*u3; anMsSoped, epherlceJ virions 

with dstinct glycoprotein sokes; cytopatric 
effect In Mara cells. 

Ptehtortn 60-£5 kDa-profeeri toxin; two subutfts; 
castor bean origin. 



Ssrurri; Gvenapteen; lymph 
nodes; kidney; lung; and 
gonads. 



Throat swabs: serum; 
cerabrosptnal fluid. 



Viral cutrure; PCR; Eji^ 

Irnmur^ohlstocnen^UQtry; 
immunoasaayi 

Culture; PCFU 
immunoassay 



VWoufturoPCfc; Btf; 

imnrtunoassay; 
krirnunonlstocnernJstry 



Wad culture; PCR; &*A\ 

innrnunoassay; 

kriniijnohlstocriernistryL 



Serum; stool; urine; spleen, Irnmunoassay 
lungiKdney. 



induces sneering methods and confrmatory assays supFfemenbftg standattitted protocol h pig us National Laboraltify Fteomise 
r«wcrk. BSflJ, Bfctogcs) Setecl Aflant artloxh. 



centnUy responding CDC laboratory after screening at 
the local level, as required for smallpox and haemorr- 
hagtcfevers. On the basis of the limited public ceports of 
the 2001 response to anthrax attacks, the calculated 
median lime from first medical visit to laboratory con- 
firmation for suspected cutaneous and inhalation 
anthrax cases (n^ 22) was 9 days 14 *-" 1 . In most of the 
cases, in which an optimal antibiotic set was initiated as 
the first therapeutic option* the diagnosis depended on 
the astute observations and the sensitivity of the attend- 
ing physician to the possibility of anthrax. Although the 
laboratory response has technicauy improved fiin«2TO 
the reaction to an unknown or a genetically engineered 
threat could mimic the 2001 experience. 

Watching attdsenwingfbr biothr&a agent* TWo feder- 
ally sponsored programs, Bio Witch and BioSense. are 
in the early stage* of implementation and will encour- 
age the recognition of biological threat attacks on a 
wide scale" 11 ". The Bio Watch Program, which is a 
collaborative program between the Environmental 
Protection Agency (BPA), the Department of Home- 
land Security (DHS), the CDC and local authorities, 
wiD provide rounoVthe-cbclc environmental monitoring 
for the intentional airborne release of select biological 
threats. Solid-phase filters and sometimes aqueous 
concentrates from BioWhtch air samplers are evaluated 
for the presence of pathogens by designated local or 



state public-health laboratories using LRN protocols 
and assays. Similar surveillance systems are planned 
for post offices* and research has began Co devise sys- 
tems to protect buildings using 'smart* monitoring 
systems" 4 *"*. Presumably after confirmation of the 
intentional release of a biological agent, local officials 
will implement a response plan that might include 
widespread prophylaxis and treatment in accordance 
with the public-health threat. The BioSense Program 
Witt use epidemiological methods to monitor selected 
surrogate markers of infectious disease outbreaks, 
such as emergency room visits, absentee rates at 
schools and work, pharmacy visits and other indica- 
tors. Possible limitations for both Bio Watch and 



are 



in BOX 3. 



Ibaditiontl immunodetection. Hie detection, of agent- 
specific antibodies has been a traditional method to 
con firm . clinical diagnoses. Others have demonstrated 
assays for the rapid detection of anthrax-specific anti- 
bodies in patient sera 1 *. Recently, the PDA approved 
the use of the first commercial assay that detected 
anthrax-specific antibodies with high sensitivity and 
specificity. Although these assays are sensitive for 
detecting anthrax-specific antibodies in highly imm u- 
nized uidMduals and convsleso^ sera, they might not 
be effective for identifying patients in the early stags of 
disease. Among postal workers, who arguably rccejted 
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Table 10 1 tocjol nH M on t* for rapid diagnosis 



BSAT 


CDC 
category 




Disease 
duration* 


Arnnrwt 


A 


4 S9 ^4n* 

■Ha days 


ussui in 3-5 
days (untreated 


oocuiisrn 


A 


1K> days 


uoatntn 24— 
72 h (untreated); 

30-*60tfBVS 
wAraatmfint 


Plague 


A 


£-3 gays 


1*6 days 
(usuatv fatal) 


Smaftpox 


A 


7-17 days 


4vweks 


TUaraernta 


A 


1-21 davs 


>2 woaks 


Ebda 


A 


4-21 days 


7-16 days 
(usually fetal) 




A 


9—10 days 


5-1 4 days 
{usuaty fetal) 


Bmcoloste 


B 


6-eOdoya 


>8woefcsto 
>1 year 


Gtandora 


B 


.10-14 days 


7-10 days 


Q Fever 


B 


10-40 days 


2-1 4 days 


Viral 

©ffcCOphalttJcfBS 


B 


2-3 days 


2-21 days 


Ricin toxin 


B 


18-24 hr 


1-12 doye 



Diagnostic 
Approaches* 

La^/dt A Protocol 



Time to 
dtagnoote* 

1B-24h 



Level A Protocol 3-21 days 



Level A Protocol 



Laval D Protocol 



2 days 

&4-46n 



Lava A Protocol 3 days 



Therapeutic 
option* 

Ctpiufoxteln, 
doxycycfina, panicUfln 

Equine * human 
anuuBan 



TatracyoPne, 
dOxyCycllne 

Vaccinia vaccine, 
cJdofbvtr 

Streplofnycln, 
goroanllctn 



LgmbID Protocol 1-3 days Supportive cars 
level DFVOftOOOl 1-3 days ' Su>PortivBcar9 



Lflvtf A Protocol 14-21 days 
Classical Protocol 1-3 days 



Classical Protocol 7-1 4 clays 
LbubI D Protocol 1-3days 
Lflvel D Protocol 1^5 days 



DoxycyCSrte and 
rttsmptn 

Suiphacflazlne, tetra- 
cydrtaS, caprutoxacln, 
•Streptomyckv novo 
btocir\, gontomidh. 
m^penom, osftraddlmo 

doocyeyoflna 
Sispporttva 1 caiB 

Supportiva cob 



'Adapted from KEK 137. <Fnm the Emergency fti&pemdn^ end Reepcnse webstta d the Centers tar Disssae Ocntrcl and Preventlm i 
<htpp:/A*Mw.bLco^CjOt0. Sugv^isnoB laboratortea A); netibn^ laboratories Oevel Cfl 



the highest dose of anthrax spores during the 2001 
anthrax attacks, die mean duration between exposure 
and onset of dfeease Was 4.5 days. Disease onset in these 
cases would be prior to the development of a robust 
humoral antibody response. Moreover, the need to 
collect paired acute end convalescent sera Could limit 
the usefulness of these assays as epidemiological tools. 

Bioagent-directed detection. Promising new technolo- 
gies could enable the early recognition of replicating 
aetiological agents and their virulence factors. 
Poten felly, the amplification of variable gene regions 
flanked by conserved sequences, followed by ckctrospray 
Ionization mass Spectrometry and base-composition 



During die 2001 anthrax stlad^althoiujh several psnents 
h^eaywnretoMathrOTiynr^ 

culture, no cases of disease occurred In the -32,000 Senate 
staff and postal workers taineditJriytaigefe^ far post* 
exposure chmaprophjrlsxlt 1 w . By contrast; the post- 
syndromic group of bkhslbliun anthrax-infected patient? 
had a case mortality rate ef spprnrtmatdy 45% WJ . These 
datavmcon&fe^whncrther^ 
em^andaggresdreo^eatmentiineoesnryto tnftacrae 



analysis of the products could be one approach. This 
approach, called triangulation identification for genetic 
evaluation of risks (TIGER) 147 , provides a high-through- 
put, multiple detection and identification system for 
nearly all known, newly emergent and bioengineercd 
agents in a single test. This rapid, robust and culnire~feee 
system has been used to identify agents such as severe 
acute respiratory syndrome (SABS)- related coxonavirtt) 
before their recognition by traditional methods. 
Robust and portable systems have been proposed for 
the development of civilian and military applications. 

fiiosensing represents another evotang mechanism 
for early detection. Here, single proteinaceo us nanome- 
ter-scale pores (such as anthrax PA) can be easfly applied 
to provide the physical basis for rapid biosensing appli- 
cations. The mechanism of nanopore-baaed detection is 
simple: analytea that either bind to the iunopore or 
thread through it alter the ionic current in a characteris- 
tic manner. For example, the reversible binding of 
hydronium and deuterium ions to the o^hemotysin inn 
channel causes aintntfhicr^ 
spectral signatures that indicate the type and co n on itr* - 
tion of the isotope that is present 1 ". The same ion 
channel was also used to detect and characterize indi- 
vidual molecules of ^gte^sti^ndedDNAu^aredrrven 
electmphoretkaQy through the pore 1 *. This latter tech- 
nology was used to detect other analytea in solution. 
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Ef&jfO 3 1 A schematic of how components of the 
national laboratory response network (LRN) 
coordinate when detecting and diagnosing a bloihro&t 
agent a | Initial responded ooCOct evidence, which Is then 
sent to suveflonoe laboratories or to oonfirmatofy 
faboratoifeetikecty (b.c). Cooperation between these 
laboratories racffltatOd first line response procedures- 
d ( Furtharconflrniation of agora type and area erf 
distribution, is then conducted at national laboratories. 



Specifically, analytes of interest that bind to sites on 
rjore-permeant polynucleotides alter the ability of the 
DNA to enter and thread through the pore 150 . These 
approaches can be extended into biosen&og of anthrax 
toxin at pM amounts (Jl Kasianowicz and K. HaJverson. 
personal communication) 



Box 3 1 BloWatch and Bio 



Ilui9t«jtions 



Although the BJoWatch and BioSense Programs l e pieagu t significant lnwrovtsnents 
tn biological defence readiness, they could* however, tp influence morbidity and 
morality in the case of an Attack, BioWatch wul probably document an attack when a 
biological threat agent is used en the scale of a tofcapen of mass destruction. However* 
extensive epidemiological surveillance might rtill be necessary before wide-scale 
propfayhuds Is implemented. Another feme that Is yet to be resolved i* whether 
environmental sampling ia miffident to trigger a wjde~£cale medical responds. The 
FDA- might have to review environmental detection technologies if they influence 
medical deckion-maklng.A measured and conservative approach Is Hkety. During the 
2001 anthrax attacks, Senate workers were wtt? i\e*j and successfully treated after 
initial ejrtfiroiTOeotai test resuta were confirmed, Rut treatment of other populations 
might have been delayed by confusion and die lack of reliable laboratory 
conJirmatfon 1 *. BloWatch samplers might not be effective for (united attack* on 
individual* or osntamination of water and food sources. In the case of BioSense. 
surrogate roarkers of infrrrioua djgease outhjeaki can only be lagging indicators of 
an phutcIl There couM be hiuidredi or thousands of cases before an outbreak U 
recognized, depending on the sensitivity of the final system. Smallpox virus has a 
comparatively long incubation time of up to 17 days (TABLE 10). By the time BioSense 
detects a smallpox attack, multiple loci of Infection across the country with 
coincident class contact spread, would most likely already be developing using current 
models'™* 



Host-directed deteaion. A powerful approach for ideati- 
tying exposed ot iiifazeduxlMduals is to develop highly 
specific and extremely sensitive innate biojnarkers that 
can be detected very early after exposure to a biological 
agent There are a number of diflferent types ofbk>rjcaark- 
ers,but one of the most effective methods for identifying 
highly specific and acutely sensitive blornarkers is 
through the use of gene- arid protein-expressiori-pro- 
filing technologies 151 - 1 ". The advantage of gene* 
expression studies is that they are large-scale (able to 
monitor gene-expression changes across an entire 
genome in one assay), high throughput and highly cost 
effective (relative to other methods). For example; one of 
the areas in which mis t«^ok>gyb^recefvedthegrear- 
est attention is in identifying biomar kers for cancer, a 
field m which expression profiling has been accepted as a 
powerful tool for identifying speeufebiornario^for 
ease progression, and dUcriimnating between different 
subtypes of cancer, and* in some cases, identifying bio- 
marl^ n^susoeptibi^ 

With regard to infectious diseases, expression profil- 
ing of human neutrophils exposed to bacteria reveals 
dramatic changes in the level of hundreds of mRNA 
Species, including those for cytokines* receptor** mem- 
brane-trafficking regulators and genes involved in 
apoptosjs 1 * 5 . More importantly; expression profiling of 
the neutrophil response indicates that key differences in 
mRNA -expression patterns could be detected on the 
basis of whether the cells were exoosed to pathogenic or 
nonpathogenic bacteria. Other studies of virus—host 
tatexacttons using expression technologies and genomic 
systems studies of host-pathogen interactions have 
identified specific host bctzus that p^hogw can sut^^ 
to optimize their replication and Ihfe cycle 1508 *. 

Recently, gene-expres«ion-profiling technologies 
have been applied to the identification ofbiomarkexS 
for predicting the toxicity of compound*. The field of 
toxicogenomics has received much interest in both the 
commercial and academic sectors because of its Capa- 
bility to suflnesarntly predict the toxicity of compounds 
in drug development research, as wall as in environ- 
mental studies'*. Existing expertise could be harnessed 
and applied to developing predictive models to assess 
the extent of exposure to a biological agent; disease 
progression and to predict clinical outcomes. 

In the future, the creation of a widely available 
hnman-gane^expression database of responses to bio- 
logical threat agents would be extremely beneficial for 
the rapid and decisive identification of each agent — vq 
a quick and simple blood test Traditional methods for 
the identification of biological agents have focused on 
identifying the agent itself rather than identifying host 
response. However, many biological agents, such as 
haemorrhagic fever viruses, cooM be mfectlous at levels 
well below the limit of detection afforded by current 
technologies. Because the human innate immune sys- 
tem is an exquisitely refined, highly sensitive and highly 
specific detection system for pathogens, monitoring 
changes in host innate response via bio markers is a 
novel method for identifying exposure to btowarfare 
agents at very early time points. 
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CbaBMpBs and taturo trend* 

The work reviewed in this manuscript provides evi- 
dence that the scientific community has not turned a 
blind eye to countering bio threat agents, but ha* 
responded with a massive effort that has resulted in a 
steep and productive learning curve. This effort has 
been facilitated by timely and significant increases in 
support from funding agencies. However, there is a seri- 
ous lack of organization in how biodefence is currently 
-addressed- Our existing preparedness and response 
measures axe not sufficient to meet the challenges of a 
bioterrorist attack 159 . This is due not only Co a lack of 
cooperation and coordination, but also to ineffective 
detection networks, a lack of time-effective diagnostic 
methodologies and the dearth of a clear vision and 
strategy to translate all of the publicly funded Mode- 
fence research into useful therapies and antidotes. These 
issues can be easily mitigated with a unified plan of 
action, orchestrated by a central entity overseeing a 
comprehensive and Organized approach to biodefence. 
Yfc foresee such a central entity playing a pivotal role in 
ensuring that cro^ communication between agencies-is 



facilitated, and that research b focused and completed in 
a timely manner, m addition, as potential new therapeu- 
tics emerge from the drug discovery pipeline, greater 
involvement from the pharmaceutical industry will be 
required. It is an accepted fact that the iodestry is adept 
at fransktional research — that is, rapidly and effectively 
converting potential therapies into approved drugs. 
However, incentives will need to be put in place to 
encourage me pharmaceutical industry to conduct such 
costly studies, and this Is where a unifying biode fence 
entity can have a major facilitating role. Presently; pro- 
ject Bioshield is a start, but needs serious impr ov em ents. 
The ability to develop new therapeutics, and their 
approval as drugs that can be strategically stodq>iled, is 
Urgent. However, new technologies for detecting the 
release of btothreat agents, and timely protocols for the 
specific diagnosis of a biothreat agent chat has been 
used, will be needed; this in turn could prevent the 
chaos that was experienced during the anthrax attacks 
of 200 1. If we start making plans today, and unify our 
efforts, it will be possible to create a true biodefence 
shield that will effectively curtail future acts ofbioterror. 



i. 



OvMtMrx r*. 3. at of. Roteotfc'tiacDvAonof muv>JMs»- 
)*» by BiOfw tatfw StatanM fiflO. *WS7 

Vlab, 0. at A Atfro k*ha) factor ctatmate UMantoi* 

Rfla Ctommtn 34a, 706-71 1 08BBJ. 

Ctwa Cl_ et ft. Stnjoua beau for It* aofeafcyi of 

Gritrex atiarqV* cjrdass auxomn by«atrixfcsa Natue 

41*396-402(2002). 

Sotta. K M„R**% & J., Brnoe* JC A- A Tfcur*. J. A. 

ehtow*** ncvrtot Hoc AbtfAcad &o> U&A 100. 

K A,. Mopfcfet, JL Moot, Co**, R. A a 
^faino; J. A. Idaittfetfkn of (he cafe* mptor ta anUuat 
Hd4i Mtfun 414, 225-220 (2001). 

hoe* Cd rs^sor Mtfurv 490. 005-609 £004). 
•OA** It MBloy. S. S- Thomas G. 6 Lopife. & H. 
Wliw torti pvtacttve anqgan (a ee*4)ed by a oel aufaoe 



10777-103B1 (iaaq. 

a GztHron, A, Apped, *L Hwyia\ R. A. & Undberg, L 
ft#orffttnai *»0otfn) Lffl MtfftOrv. jl SJbt Ctam B75, 
89741-36748000). 

ftKBOOft tp^rwl anthrax totam^ by haro- o - or ^ nl rco fr> 
»*o and Mbet ftrm/i 72. eoa^eos O004X 
10. Kftfrn^ hLbL« at Marten or h*toQyixjfr M0 * » 
ui t ttty ptpiatengiarnetolnWaooDynB nBo 
WW*. J, Eta crwti sto. 367e&«794 poou 

nagaftaiinjiartoof attP^aLfaLrfcan mxutwi iiagwapy 
of artfi«i.Sti*)oe 282. 696*687 gOOlX 
12. S>^ Y_Wiara.K,c^e^A,P.ft WM^VAdarraTam 
nt^AsnilwtotBBcfto snffvaefs onoMctto anapon 
M«tBartr»ftxio*iQc0nntTWkOLji BSnt Cnam J7*, 
22000-220840001), 

*»*i.Att**SbCSirfinol 19.058-961 (2001X 

14. NgjW T.LTtrotl^i^^nttdBiolt^pQrotomol 
antra prataav^ctttjtyan. Sbuctum nj bjotagteal 
frnpSotfer* */. Bftmot Sfcwt Cyi 22. 2E3-QBS C0OO. 

15. tfcfiimij.5- E. aHarm P. CLathd facto aft* ^» 
ntttSsra atsd ctf^Qc aeaMy^i nw. tatet *mw ee, 

2S74-e37B(igee> 

16. lbn^F H eMeaM.»4^a,Ma^i^&MDraMuocoi 



17. lirt l B.E.B(A'meQ«ucfcrtlb^slbrtt^itaaftfls^ 

Ate BbM1. BD-Ofl C2000L 
16. Qinmty.RT.Bfa.Apapaflfa^o^a ^ww i w 

resonanosoAfcyp UdBki assay EtfBc*A&9VTYBc6rl8lfMl 
IWrmattft. »DC: MtfAsatf Set US4 8«, 6£03hGBO9 



This 



fctassav orervnpt Ise^ fader Nt*M*Svva. Kk* au 
11. 67-^2 fiKXKX 

pop*flcj MAaonefUv i 
<atfB of Oh atOSI ptftonl of the i 

nd*fltthth»LPnSMlnl> w 

20. VtrvD. H-^k^g.W.xa^fI1c^l^d«lT^aIa*«*^ 
^anm^ocfnifnsuytaldQnQhrNieftare^anlhntotlaiha 
taet« Msm QbteeftnoA 21, 7l?-729 12004]. 

21. c^^ha.i.d^.PCTOTWt3tt^o>*ne xto l rtlid teky 

Invn 0reoi tw. a^BO^L 5, 41S-Q2 

22. Ux*,Ly«**#*ifcnalthflpT*»oly^ 

4774-4778 0QD4). 

23. Gi. w Hi i K 3.«<rf.SiajctJB-taaerikTWr»dboo>«y 

ianl>f^ir%d¥4ioo(ingcou9h.J. SU Cham 



24. 3ttY,Maf.69ai^lr*fttaofenmr*«0tttab^ty 
a«»« iorot»ortchapara»B^va*ibo(kiri ftnc 
NBCAcaO. SOL USA 101. 3242-3247 {3004}. 

acatbas bow an axttlngi R3A 
i was fraid to ba a Mgtff pQ4jm 




tofina JL^firt Ttmt ax 138-1700009. 



2S. FWnfl^ Q. J. Stfaurv. J. A. ArttoghK now^ Btn&B0*cto 
721-726 (»04). 

AntfeoaOvA fnaouma torrevtowtna W RWOhvdBia 
of u a miof aay^raf Uufciylml tedna. 
27. Dar>ftM.Draf.eirafSotas^landirna^«nty0r 
b^Jrun rnveto^ri B hki ceto. Jl Cat flbt T62. 
t23-13O3e00QX 

Battjawn nemaodh A actMy 1$ (fepandarl upm eio 



o<praastr^$F«p!oiagTT*>lJL flwCnm ZTT, 
3aB1S-^8819 (2002X 
29. Afr^&^araCBafcAwmieadnaBoUobeMt 
jntMvtf pubfto reetti nw«ocr™r*. *UM424* 
1059-1070 (2001V 

Nshjm &x*l Bid 7. 81 r-eiO £000). 

31. T*fi^ K»CH«JdBClc.aA.aA<ft^KRft 
Urtmia n wnnn s rt n^: tVuctuot AnDtfnandttKflUPBUtfe 
UtSyc 1?an*BnMtom 27. 65£-6fiBp002). 
Ptwrf fiaa a pood gwamtoiiofhoai^imy^rtaiaWBQa^ 

32. r>atfipanfeS.&SIW1dar\a&&Aiar l M.Btt&£yQf 
oattalftOjif M aia t aa p t w i ttMi a ^ QT ftii aTttayrti^ift 
t04*wnnstiDla«ipeaortng. l&A«n 29,483-446 (1997). 

3& awfcmae..rJashpandb.S.a,»a^oten,J.a&Adkar ( 
M. 8kuoam teakfBfi t* ar#Date*w naoaany 

1430-1451 0997). 

34. E ± * Qt*i*j Qrto* KLrrvrm □. aswuvr^iaihan, &. 
CrysidbosfMla ammm fcydcptnSASn ksndnplolhe* 
nc^tv^ntfnQ sfta in C3oso\itr77 bofiAtm rBuotcofa Bjl 
Acte Oystatogf O Btt Oystafcpi 67, 1746-T746 CM»D> 

33. Hay^a.n^J^f^S.HavAfiaMAMoeBft.aJL 
Dbcvuy and dadoji oineNti tvnottwof boaanus 
neurotadh A: targatad ■Nf^a' posddo gbrataB, Jl Apr* 
TZutect 23. 1-7 POO* 

OS. ectvridLJ.J.&Sttfio«R.aAt^B^o3rrvan^ 



CTS Ue; 632. 423-426 RDOqi 
37. Schn^j.a&BosmK.APralBoV*orayaTafla 

14, 70-708 (1006^. 
THaworii< 

iter 




28. Se**raaJLJLaaaalarLK.A. & i *itii it iiW BaaJhayof 
lypa A'bcAuSfwn rsuratnar aubsraa JBQ^pavWYta and 
ectw«Bonb)raanmBt3ur«i.J[ ftmhGfm 16, 18-39 
P997* 

S8> SitfrrttSUJ.JL,StB(tafxtn.Q.&8A«88fVl^A>'IVPftA 



$p0dSrftyal (hafiV t»X»«iu(HXa.OTStfifL 426. 61-64 
(1899). 

40. S^onpaii a erd. By tftoaftcf WfttWaa i 
boaarun oArtt&ijfi txu& AfnBtsSopmta 
B* 161-193 (2004). 

41. Bonga > J.frq(g.ii»ittA^iiLfajAttft*ncr 



afc^iya Ate Cbmmtft 910.64-09 CDDfl^ 



| APRIL 200 S | VOLUME 4 



wwwJl&tura.cra/ravlm*9/4rugolsc 



PAGE 49/54 ' RCVD AT 811 1/2006 6:55:57 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/6 1 DfOS: 2738300 * CSID: 7606033820 1 DURATION (mm-ss):23-18 



08/11/2008 18:19 FAX 7806033820 



ISIS PATENT DEPT 



+ PATENT OFFICE 



@050/054 



REVIEWS 



t ^^ Biro L^^ ****** 
pfiamisophon for QtftibtOon b propoaaOb 

Rupp, ft ft>BW otruefcJB Of Chdt4A«n bOtUtWTl 
naurofcm pnueuh apodta-bowa state: Evttrafor 
noncarcrfcal aax proteose aoMttf Prtc nwac** sa 
US4 101. 6833-6090 (20CKX 

sawafts, ft. C Crysui suuctim of bOhA-un nanjtadn 
type A aid Irrplbatians lor tafcty nfatursSftjEt fltot 5. 

crate* tr boajtumnajctoidft amtypt A. Natu»43*. 

B£3-329£064). 
45. 4^0UJlY M Mki9.Z.F.,n^x.ML.-«rQ.M,Z.&SttY.L 

SNAKES in ml oattbtt synaptceonw by 1oOMrtd**i. 
FSS&ei 655,373-379 £00$. 
MR; U, Ntiwiwn. J CL Oi** F. & Kacttay, 6. B., Jr. 
Cfcacy of * n>4 JntftBOprutsase Wifcftar on boUhym 
Qfcrttonn B acMfr fW&LBtt. 489. 234-633 P998X 
gswenmoorVix &, Kunaran. d. & &wr**ih*iS.A 
flwal ftvoharton far Ofitrtajm hcMfcxm neuotaKto 
Wblfoi Sbrfwn»y4i. 9796-4602 (2002). 
Aler, M.«fA Boja^of pnosphonridm and thfss 
fiffXhettc oheapnoneka lor HfUoi of DOLArun 
neurobavi B eaaajlc aafcty. J. Alp* Hwdbat to ifc, 
63-811(1009). 

49. avm6,e,.MooradiaFl&QoraDn.ft.K.B^oifri^a 



60. 



67. 
€0. 



46, 



47. 



48. 



61 



52. 



vital. Jl As* IbatoA tfl £«pL IX S13-G22 (109$. 
Scrrricfl. J. JL A Stated ft, G. Ffcorfeanlc atnaas tar if* 

and RAjjtf enton. aaoabfeC 64. 297-303000$, 
ROOM* a R. Aro C Hic&d. s. & Rut^UiH m. C 
Machansm ef action of dostikM neumoidns end «^ 
Hfi*tfdtt&. 0feL CM 02, 445-44? 0000* 
Ama. a *f. D**fapmBf4 of potent Bnhbftorc of 
tMtfntfn rteuotopfritype B. jl Mad Own. 46, 
4548-4666(300$. 

Apna* Q.OfaATIftMfertndd^tJfio^MpDMtlnt'AAfnQf 
ttfetan rwuoksfrityp* & Wctftone lor ana 
ttanKXon. daofp Me£ Chert 11. 4853-4860 P0OJ3- 
taman. A, -Ricwa Ss. Amn, a & Roques. a P. Smri 



64. 



tavftBORHftfto DOaJfrun rsuutedn B matatotirotaoMte 
fiBftrifc Btrarp A** Chan t2.806&4082e0O4} 
65. Monringo.A. R A Rooefttj*. J. D. X-ray an^BJa of sUbEfr^te 
Hnriop titwievi A-«*eJn eote rfta. JL Met Set W. 

1 136-11450999. 

Jl MU 0kX m 1C4»*tO*9 P987). 
37. I^O.XRB»»uT«iK,6hen f H,Sih l J.K,K*fwK&JA 1 

of nonlpMbcmiT^n ITdiH^a kw*tttttkn.J Mod 

OlOTk 49| 90-98 £002). 

«n arwtf'B <ta« oT l«apauncs.A»HL Vfed 66. 



oftfcatMfltuiMn ef i . 

69, H uB DO tMftn. J. R„ MMa; cx^ fte&anm. J. & 8M*r\ A. D. 

»v*p ihHltIlii oiBNArndBcueftgal W4j|»cgaMtyel 

iWn A*chda jl fiat Oum. m ^W7-d042 (WoO>. 
«0, Tan^res.4ftf.FOdnA^^^t>t«cnioMrrUti]U» 

aracabortunksn tarpon stab, fittftttttey 4a 

6846-6881^001). 
61. Cto*KY..LB*iTM.&8tfYa^V.LtoArfftta 

ttiflBaxfmcrtrtan, BndMdim^MONttiliyv. 

CU/ )W i*liy ar. 1160^118130996). 

IcpMingTttiatapf YVteOCC^wcl «>eplnococa l te afc thoctc 
qntan* end rtWBdlnemeB. a AbgyC»i trmn* 
106.8107-6110^001). 

ffi t* 0 »^ hB4iljQBd[adety MxA«rlD7 r 6B^ai ps99. 
64. 7Wtq^ A.tfflCW fn^ tt 4Mii>g BflB%irUBW 

Ofe- 9B, 942-649(20035. 

w a* aw, tsos-i3ifi pooi). 

16. 91-101 POCJU^ 



7a 

71. 
72. 
73- 
T4. 
76. 
76- 

77. 
78- 

79. 



Sdlubha; K. etotemrtsmn nwrftafllar terctugdaocvary 
and'dartloprr«m, (Vup? 6. 77^-760 (203Q|. 
Kaanvfe^ R Popdcto anlaoonJns of snwanOpon tcwta. 
Mot Omol 6. 1 13-120 (2004}. 
Ra|Bfloc4b\ 0,S*n, M. M. A C?w«, G s. H «*oand*» 
i^ wi »j ato orHiHpTVDoeiecal^pe*an^ 
enbooNBlB. «bct trwnun. 7S. 6733-6737 (^004). 
AfBd, Q., Ls^ft H., Hlmen, 0. A Katrrvdor, R. St^MronHoan 
artagorifl ptmcto bid aTwck and drinas a naw 
dome^^T<«4ftc^alJgn/VS{uro Mat! 6,414^ 0000). 

vmiaDkiis-i^coo^ 



Chan, 5- V. of at Folate recantem is a i 
anfey by Marfcug and Soda vtus«. Oaf 1 1 7-12B 
pool). 

Be<^S.&pfeBa.M.&>Oor«<.H. D.TTvasUo^ycopnAoVi 

racaptor h a powndot twr-fipecnV: raoaBiar IvMMutt 

vbu. J. Gbn Vtal 70 Pt SB^gg? (i 006). 

lUtadBj ^ si bl ttmnmaensptQd* C-type tecanapedfc 

ltroate^Q8aandN»aoat Ai at H iJ u wwn>^ 

arayJL Wot 7b\ 2043-9047 C004X 

ghn^ola^Bnder#ienc0DntellQno'm*crephagH«id 
ot^WioIbI Dsfia. V*ott^a08. 1 16-123(2003). 
a*n^nn», L Q, &GnranbORi A. M Thof*^ spBdlc 
cwtxji NtitsavtAvfiio; omiti cyw wwfctwi; abucBJBv anfi- 

*fed Cham 6. 21-31 QOOSV 



60. 



81. 



89. 



64. 



Ptqc NMACad Stt OS4 101, 1 1 1 76-11 1 S3 0004). 
UUtarabA a era*. FwZttttw**^t*^<3*ate* 
of tie Biota Vtofl>CCpn &» ^t.J ^ 74, 10194-10201 

in i*i n r 

Wal«aflhom. W, C&Uer, L J.. Whsrtor\S.A»SMiet, Jl J. 
AVMbk DX&Thaeartf/rritljw-A^faaairaariha 
marrtoane hfti'ji'i pgt^n submit frun tro Sioto vhis 
Qhy^^y^oati^ k^^fj >^A>sUBndflJeoiod ooM.PfOC- NKl 
AcndL %i U3^96.6032-6096 (1900) 
WH55onhon\ W. Cart, A, Lr», K. M, €^8hoi^X4Wtbyt 
aae>ys«rtmcrhi^^fJ^Q>a»>^iiw»MMwlu^ 
sLtMfik, turn rha i 
Ata£ £.006-610 D99Q. 
Awn. M. Jl ix at Mdvoutar mechartera or fiovCrttforaW 
BaaWOO-AftJobw Wbct 6, 638-049(800^). 
QOOtfcMd. J. Ogorufeoik**. BrttsofSyandpapaoa 
Ihrjrapajfcs - torn dedgn to aw cB^it. CXtx Cpfe Aft* 
77MC 0,1 19^004). 

lajrCMigar. Wa\ in, \Wi-rtu* v E, KlaftKH.aft 

^r a^ u j HH orr-ran»^%iruaaf>dB-a»'^by > ^^ 
■oplcadon ^sterns. J. 16* TO, 233^2342(1009). 
TbwnBi J. S. af «r. GenvsKon of attfP akpfcsakio 
i«uii-^MMZ^ttxyrMruT>cra^aV^creerV 
patf-ogBneft ay*nt» and h(o>vfrrou--^ anlMmi dfi-o 



67. 
88. 

ea 
9a 

91. 



9iaa«rl R H Ste, K L 6 Stanch W isoWon find 

BantffiwCOTrfthel^aftMyvJrw 

61 4-610 (106*3. 

Getafaart, T. w. & joma^ r a Da^renaaikncia^vA-iot 
by BmrmrraaesoopjL Wur ftet 3b; i29^iso fi996). 
Baiwi, B. at af. Upld nrft fTtDcoofnafift: a oaivMiv'br 



Jt e*A MWL lis, ssa-eas (20D9. 
Navmann, O., topim. H, W6&rr«t» l a.LiJ^anflhlrAL 
& KawarJcft Y Ravarse gansOcs damonsaatas thai 
prbtooftdo prooasaho at tha eseia *w QVcq-ntavitanot 
asaorrM fcrfaptegTMnifto^ 

Cm JL. Case* C. & & Sea. □. u. &r&0m \wdna«on 
and i 



Gi*^T.W .»faj.Mi Cna^iH iiK^ 

^y^^T-lWBf ^T<4^*tajwuifTt'H(*' 1 t fr*an wwwaniMtftAmif 

Bsaua (adar h pftR^trtonXyfa^hnzt^iaoett^akey 

avert. J. ftaxr; CKft 16& 1616-1628 (200$. 

Gii»ari, X W. af aHyaafrranl of Bx-»wfcuslr*cOon*<lha 

lao-arTttnam muar of factor VfaAsaue teOK attjaytn 

m oBUB m ertM| ». Urtear aea, ifiss-ioseeooaji 

'Otl 



" ■ " a ^ tioetwraaBng otto 



92. Sctrm^hn. A. l_, Jcrrnaon. E Dl, pevyrnp^ JL M. A 
Ooi^f^A^Norwiggaaa^ ffa io aj 
preiranttBmal a M » v wta Brcerphaaa. mvuti Z97, 70-73 
(tOSZ). 



33. HvtM.K.VaocviBraBaa^afbrttftxa-^^ 

ParBstol 03, Se3-fid&<2003). 
04. H^^M^^Je^a,C««^J,J•r»*T0,R^ 

eermifonn. A, Aftfoartety -rd«3df»prtirtHDr 



aaranonenift. MraM-y Z)& 2DB-210 (1897). 
96. HaveyM^Na^aa^cnfntt^A-Che^aslB^ 

avrcdorul araibooajB to M4rtwTjytusfct(dn64ioQk3^ 

•^yiifimmainnrlliliidBi iiiIim ifif ?>mi pn*itnf*?fi*n nflttryr>-nrr 

Motors 314, 350-357 (9003). 
60. Wfcr*\JlA.fi<*€pba^t*ofcsdr 

proteeaort tom adtt vfrus. Sdaxamr, 1664-teeo 

(2000). 

Thafc-rtmpcwiot amQfwafwal a f W Qe 



97. Jtfr-aiaR&etaLI 

tvfi$nWmim^An^>AmL^3pt 11, 136-140 
C1096). 

98. Kflway. r^ay; PwJhfccR.SrrtTh, J. ftSf-hmiagorm, 
A. Mertogvkw vaoches based uponaVwitvrBptoam 
prolaCI qu^km p^s and nontunsn pfftrates. 14*ofc*wy 2B1. 
26-37 [1990). 

TTM im dtfnoMitriaan ai tei i 



7^5i AA^NW. ArrTT^, 235, 205-217 (199BJ. 
100l y^nienmvSen.l m ^AONA>mBdN»9^nea^^ymr^ 

■ Ja axi g u. vsnybjyMB. 134-144 (1993X 

irvcanpno^Ai-a itU T5, 206D-2H64 pool). 
Mbdl4,37-42(l99q. 

10a Martin. G. A. a. R &Aaatu7^0caaw 
(SbrVigv^rta^, Bam Newv 1971). 

104. Mupapa.K.alATtea^twaofebC^i v » wM i ^ 

SotarClBarxlTaeMc^Coii-JTa^Jlff^^ 
^uppL 1),S10-G23 M999). 

105. QoUtv; C A. 3 Apjaayail, 6. 1 



kTvfca&ro. ftqo- Mad Wtat 16. 66-10309^9. 
9crinalah^A.L[3NA«oocft8towxii\e^ 



CHbIbttob. ^0*^364. 329-330 (SOOD). 
rorhrnianprtaalBaaflrtrtrt lu o i^ law 

443aM443(a004). 
103. GatoMGha. M. CGoapg o, JQWi taH. R. 3 « U OamJ w r . l_ 
Nai&aiziiy end prartqoHx a^rtxxJw JfcaunJ jjaiiBl 
vaocWft^rus emriopo anHjena. lanhgy 264. 71^0 
f1999> 

monodoral an&bodte daais mouaorai and p>*- 



tf r W»0ta > l . Vm09y^3D> 144-164(1983)- 
110. BBtEetrf.AnBTwf«^finaiiato^ajB^c^ 



023,426-431 

111. Mtf y a dj a ri ifi, Mb M1ia3.fi OanditecatehOTa 
IbfvBXM of vrmjnooelhooQnaek a 
— anwiftM.JiJffvnu'tofibsBD'IftK tcuarisa^l P004J. 

112. Patae4tR,hfesletT.,2her)g.ft,OTJaLR^ 

MuarmsausJlncrx Mot St«vi la; 131-186(1999), 
llSw Ovna K W., Watson, J. a & Jacob* a L 63L obm 
of wodrfavruaenaadaa an I 



ftoc NX Aaot SOt <JS4 80. 4326-4329 (ttBQi 
114. Heaax&F.ofa^.lhBBiiaiiauVP35pioWnfa^^ 

a type I i^l fintagarAL Roc; N&AcaCL ScL USA, B7. 

122BB-1 2294(20006. 
116- Bo9b,aMa1af.S»bBJioTMa«^«h^ r B|)0aaletn 

ifKiioc y a><lBd»addan^oB<b¥«wuii^^ 

ma; 1 630-1633 (2000^. 

113. Sart, aT. at aLPo*rf4j*KMlmroeyaBaaj%irii flw 

anmunoL SI. 377-423 (200%. 
1T7. wafiald K L. er d Ssda^ua-an psrUaa pTotaatam 
fejthd Bjolaxaw Hackoa ftoa NbtfA^t 3a US410Q 
16889-16394 CC03J. 
lia ftxTaVvO^0aTn^aE.8Suna(^V^i.iitt^rtsm9ar 

1«, 



NATURE BBVIEWS | DRUG OtSCOVlRY 



VOLUME 4 I APRIL 2005 \ S3! 



PAGE m ' RCVD AT 8/11/2005 6:55:57 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/6 ' DNIS:2738300 ' CSID:7606033820 ' DURATION (mm-ss):23-18 



08/ 1 1/2006 16:20 FAX 7608033820 



ISIS PATENT DEPT 



+ PATENT OFFICE 



©051/054 



REVIEWS 



1 19. Mp*ft,B.*Wrt,a M.He^i[»alnusabwsll» 

ppevhaat cnertCKMj&B. NatUB GofSU a, &46*£246 
0OO1* 

%M Stadt f**w*m*fxat 5. 1109-1 1 i6d)0O4>. 
1 21. QrerfiftrftH. N., tatOnrer. 8. R. Soroit, Ml J. & 
htecOQ, J. Ths tnterfeon tfrtMrd reeponaa: from viral 
mvario nUi »a$feft. Cfcrt Gt*i. infect. Oil 14. 269-267 

1 2A Hstr* K, O. R a a W. ri 4Dth toscfcnce Comaane* on 
ArtbYteoUd Aosrtts art QOTahnpyafann&cwttcfe. 

2DOG^ 

124. tr^to(t»T.y<f^^Vit¥»asaOMo^Mii^m2oaz: 
ind a xd fBourit nMMUans lor mangpgnariL jama sbt, 
2236-225Z 

125, eart^J.a.hol^IV.JtiBc^.CfJ^Mnenlol 
a^ratC^ 1^.0^35.651 -€66(2002). 

isfraqdh* flPVPfctthstrattnartc* anvv*i cajsed by a 

Mm 97, 31-34 (1692). 
127. Staptt* A. \£. osmm l_ t, PwrarartH* A. ft A 

aartofc, h A. Oaufc^n** of novel wocton aoaYst 

BftthfaitomftA.vtafotecfiKi 44. 155-160 (1966). 
iza vmjt&s M."r * ^pTOtJvftyapacaaniof Fraidfeeia 

WW)» to pOMci aid */njhgfe*rttacifrBldn«fij. 

>WWec Wrfnbfec 94.603-606 11 flnO)* 
129. SrfiE*0uHo4 T.3wd4c.T. ABodal & P.Sucaptttr 



apart te^^persn^ ai i ii itf uuU^ qrta.^Mg 
-*i.3V»{1993ji 
1 3a ttom M., Mas* N. P. A RwdL D. GactaricfelaT adfctte 

AndTrtno. ApmftQtoMftK 44.3429-3431 (3Q0C&. 
191 . Kjdataa, R. L A QtultoK N. a Seradfci* to rwtfkte 

hoCftXfca. J. gran** /itpot** tovnunt 94. 
94-01 (ISAOj. 

132, Bohekin. U Stfaie. H, Ktrhukorpl. JU Btf9dL R. & 

tJarardB taotttad hm lunana and a^r^fe, jt Antfn&Dh, 
Onmotfar 46, 297-200 PQ99> 

«wQ9Mtd^ tetfloa of Fnrtbefa UBnarau **r e mottled 
HA U m HrflcnUdK O. Cth ktmtusL «, 21^215 

(1983. 

134. DmnistaT.aaf.V*e(mtt«btt}^wB*xyt 



2783-73 COOT). 
139. Bb. JL.Oy*on. R O. Omen. m. p. V* Unrfe. 

CbAfeoote /to 14631-646 0002* 
1 3a FtotfCtftMoa J. U BacMtB^juro ft, AAlrvLuqu*Q. 

M^M<re4Atft^AJ.&Honn^V1UBfBnitoBpidBrrioirt 

iiCi B iw w^ ii^^elnlo>ldBeg|^ i ndr»fp< u fa 
reajonsa. Cfii Mftot Ob. 3& 573-676 pooiy, 

137. HaxME.A..'feteJ k D>.Ujdife&^GtoaTYtaaftL 
A&zfli J. W. ftmrt tafaoivlffymtfhods brbtoott* 
«W eov*ftMfiCBDon.Ch Lab MuL 31. 661-679 
PWH _^ ^ 

13& GadvtotM. J-Ar^du^dlobuiAjiy mBfOrtiltr 

bbon*bjm pertorrtngmfilr* oiwoanu. aa Mm* 166, 

2S-31 eoook 

139. GfcftfsLM. J. PU W. R McKhMK A ar< A, S. 

Webcttd. LBbdretoiy safetK mBnogHmant end Ol^nsts 

of Motagkal apsnu nw iF*yl ^hMaiwtem ^d. 

5r*dor ( J t (Afiyl Pr»SS, ^teHnokn. DC. S00Q. 
wa Jsr^gan. 0. & * A frrastlgaaon of UoieftO'feTvratatBti 

«tm 0*ed 6BBS. 2001 : 40ttvrialoglc kvO^L 

5T*p. Met Oft. a, 1D19-10BB (9302). 
*11 hTTfjfr f n tTtf rVitenn1-mfn|rirofjiiiiij<j<]mi[ 

flnOneK ftuftrst io caa aa iqpatflj In tielHad States. 

Srwpi htet Cfe. 7. B&«44CS0O1V 

142. ^aonniUMlUit» 0 H l aOQ3>. 

143. r*rtxi» J- k\ aoMcufty 3»3 fWwNr^n. DC 200* 

144. (NtaWA3sod*k»oilj«i4rcaTtoB.2ocx^ 

148. hU&$ar^O0nYT^onEn4<0Nn«riandFAxt*; 

VWet)5ii* mnmm RnlocitanAqmc^api). 
14C, SttHnfwna. T, NdsCn. K. E, DezsL JL W. a Abshfe T. a 

Sartfoofed ftudaa or psSorts \n*h omsneau end «*- 

OrachBrynajBSl trtttwBif torn northern TheOond, Art JL Vofx 

MolHfr&STS-tti f13B£5- 

Ato^jeceXB»6y 12A44, 1-190004). 



14& Xa^anawto. J. J. & BwniaN 3. M. RotonefiCrt dynerrfca 
o* W4 HpnMajvi lan chamd *»« epooirg) andysls of pH- 
daper)dBT«afi8ritx<tuBlfan&69^ar^JL S9.B4-1Q6 ' 

14QL K aa »^ w. j;a t aancSn. EX&DGona. D.W. 



1377D-1 3773 (1 096). 

1$Q-K*iiangwtez.j.j.. H ar rt»*O P, & £■■ Wadtag, K H. & 
Ratamxn SmMtaneoue mfKaruyta detocflcnv^ia 
nan c mglanca»pOre.Anat Owxl 73. 2266-2272 

Dmttu how Atoopgnj* mlpht ba tbl» to «cl *• 
Blow n ofli a- H i » technoloqy tmi Inerttfm pottntf ■ 

151. Hrtnan, O. A. Q o no n n wJa regpciBBS of apameoiric 
badjrt intoi»hott,a Qh. ^MstllD, 1071-1073 
(2002). 

152. fldtfna^&AShadjJrialdMon 
&»<JlAteot«fl. 2162-3163 COOS 

163. Dtete^DLKelfllBc^theri ui i aftf in u i u ^iOBpanre 

ttvotfi^pul vaccine an d^iOSdO Vtigon ci3ocvery. nea 
WAcad Stt USA 102,647-652 (2005). 
1 84. Hanal L ft Mocwkt E & Globaf anaVda ol how otf gone 
aqvaastoft E»tO OwV* i»ton«ga^MniSlni6c«cnrmso(B 



K^djgDon or ftaudatnagn Mvarefeni at USza tncUcm. 
dt Met 7B, 11Q99-12011 djOODL 

BpopiosH dtltivtfkilui (Mugojin hhuivi nourapMs. 
«oc NtfAcsoL Stat LS4 100. 109*6-10053 BD0$. 

> n*4 i tBi a ul a tl <l» on O iti and how Vftauftpattioaani 



166. nubms. K. H. af am* hast *«s"toX> emaflpfsc vulyafa 

norhuman ptBnataaudU, /VaffAcadC Sc£ iOl. 
I0lfi0-1 5195(2004. 
157. tttton, M. O. AFostai J. M.Tfcdcc©*K*n,Cg and syolm 
ftfcrv and pfOKpoct«,Ato{wv ft« Genet a 



A good nMtow oo tt» fljM cf tadcoganomJcsi and 
vqiWna how M» MftJ b avoflrino, 
Gkttan r Lar^t^f^0j»nifiasiAofeovfi9iT«BawBK 
leadsm' vMw on (he nanrni eapftttytodawetap 
hlodalinBjiCouiBiriraBatfQs. a^sacuc fltoteror 2, 
330427 £004). 



andw|> ^ b^iliiaaotaia^«llo>rWadBmra»ara^ 



169. MansntM S. & Hnv M. 

rwarnonhttaic ferns. Lamar meet Ofc 4* <37-40flpoo<a 
Aftfchdayl h iwla w ora«Hiv4«4lfccychiind 



16a Boooi L al aft HonoAtMoJc (ovBrvfeUBaBasbbioglcji 

W4Mpona iinflcBlandpttfchBatlh manaearrtfo, J4M4 

237. 238l-£405{2008). 
161. Baach. a a oral RBkiBOaAiwMvtofg hainonhadc 

law8( DannovattofleDUiicof tf» Congo. Snap. Wbct r Ofc^ 

MM1-1 «7 (2003). 



687-090 fi004j. 

Fflfclnannj K. Jones, a. Manx. K a & Scmfttter. k j. 



*TWUXt 9, 677-686 09003}* 
164. Getoart. t Vt A Jatifrio. P a TJxrt** avacolna a^hs 

B30bvfe\a.Gparrtef Moe*ifx£777-rBgQEX)9}. 
1B9. L*4iOi ^M.htMCtnarateVBOdnosCed.pi^Qr.Mi) 

(Isiior&ninda, Nawl«rt\Undv\aoo^. 
16a Kando^on, a A.^^S^teosaUciagteciw«tp(jx 

CfctoettJOfTO.JAM42t1.2127-2ia7f1BBG(). 
167. aaftUl M. ^^.ftoport^ofr^JcakiMMrgjdlam 
^kni3rsiamaBat\vus vackra aqyasaing gtyooimeto 
ofte*av9ISinflai3nai4rti9BK.J l4ot 76,6458-6466 
P004), 

16& Chw\ a T. & Lflno,J.M. hMjeanffctho irnBpacted 
ream o/amtapoxwodrioadvaao fluanta, Lanoer 682, 
1346.1346 {2003). 

169- ^P.L atMtai M i uua iJb/tfah^anmjaiodM^ 
cmjknc wodno end pttttetakn agsin$t marteypox 
AB&fS498, 102-185^04). 
ira H^VR&&QfxnrQ*QBdteer*FrB& <Wu * b i u 
«T¥Blopa CapftdJ m, VttBftfcgtot Dl C. pittehegrlh 
, 6nan> Mbct OSS. % 1030-1043 (2002X 



171. FM»dtond«;A.M.TBXtxx]kalMa^kaadsdnat6ai 
ZtfohuK ft) 4B7-478 fU S. Doptrtwt Of (ho Ami* 

DC 1097). 

Ap^rwaf w wgKWamftr^p a mo yw i u tm. 

172. Bftdfwna^R^l i if ^ i M iai ilia^ AnrxAfyAaio: 3c*. 

959.63^3(1960). 

T73. H^A&alat Cu ri uito iOfnorin^B^WTylnOalles 
taready OBtBcaon or c^C^«)iTvacsi psoras lorn rtiea^ 
>TKlff»^qfl<raa<^te^»iaMt A4aa 104, B33-sB37 

174. MataBr.M.UDtwwLUCw^J.^AMto. J. D. 

MndotftQ pctaAldi >WIM ^83 tD onuboK AS A bJOtOfTOrtSl 
««flpCrt. Sisp Mfcct Ob 7. 959-969 GOOU 

176. 8snd^>C&^Dova.e.TrBr<p«l0f proCB^lcsdnalnio 

f¥9?t41t 639. 49-63 (2002). 

1 76. Otenes, a AKoAw. J. V. IMfScn 99. 1 723-1 728 

eooi). 

1 77. Endo, X ITSuitf. K. Th* BNA N^ooddBss artivfly of 
rttfn A<haH Tha chanclertsScs of t* on^mavo acivtv« 
HcinArcriali^iteo w J ^^ «^iftKl^ J fltof. Cham 
293,6735-8739^969. 

17a Loffl. M. JL P&\ Mu di m i ai n a of cytatctdefty. 7ojdfcot 

«k M. 63-64(2009]. 
179. Bio^Y.41h*ugt.K.;WN-gfee«t0^ 

cfutv MBChartamol «c*xi of tha torfc bom doh on 

aloryatftOSOmBS.Jl. Obi Own. SS2.&126-9130 

0967). 

1 90. GnwrweW, a A. 6 Bnam«. M. & Fftmndonand 
oadknanl ol bactartil donam causad by bBBtaitoJ 
blotamiiMlhiBic«B9nts.Oru90teoK ladi/S. 
8^966(2003). 



lei. KD2aT l T.Rtf^rnAb$b>BaEcXaaTdhrBasoBF3&4ar 

Bnogon war JiTTM^J WUCT On VI B^nWI Qnq QaTOCIItfl of 

antipmfe Aw- ^WAead. Sot tiB4 101. 994MD47 
prXK), 

1 62. UN* 8.F*Mia,B.g, RMoms. A P.. RttJand* A. M. 6 
1997.1 



fti^i> awno)0gfcgauPwt>i9>9Teapi9i.<iftfct. ^nrrmn. 65. 
517V-6176. 

163. LBI0.S.R, Lgipfa, fi. H. a conx e, Producttcn and 

tofmonocici^gnlhT¥amtotiapftytuutfwB 



*WTJUfl A. 1607-1813 nSBB). 
ISA Mpy ftftd . jl A. at af. w ofwiin n agaWrt aifli at Uaan by 

a***AttJsaaiec*rt 19, 697-G01 (2002). 
165. f TMuft I ft I h A a af al. Hunan ag-ant xim C iQ UnJ w 



tarnuna teaad 7?*; Mfocbar Z 5 P0O4). 

agalntt botLdnun nauolttin oanhjpa R feajmbig 
«oo>iaBonwtnafli»flioi J )i r^oifebmB 19, 447-456 
(1997). 

167. 



TfwifiMajaapa^d ota i ofl ajii^WkATpfcBl 
dneo*)6jctOB.a633»B«l £2009, 



l&RQi^Rcfa^.Anbod/ino^f^tod^mahaofboii^rvp 
nomsojdi MfQfVpa A h1h6 complBkad and 
uisornpteKftd1bnnft.MGcl«7myi 66. 1626-1630 
(1987). 

MonodbnM anttiody tDtypBFQ&strfaYni bokAun loodn. 

A^pt Snffon Mochlot 09, 806-81 1 (1S90). 
19U Knot* X «f at 5*£*» ragtana rt ttwhaavy ddn or 

QOcWoVn bofcAun type EaovoUbbi raoogrfeedby 

monodonal amodtoa. A^C Bwton A*>bbJ* 93l 

1214.1218 n»97). 
191. M«lAsi.D.Dw^g>^ajtf3»^propgtetnal todto 

(^jpd.B).8101-S1dB 91QD4). 
1B2. a P. Patam H & A fwtarko. X a ^ope 

bypn49tdapB^htel7imtja09,661i^65«(20Ql) r 
193. NowataMd4.A.araXPotaninouirse^^ 
neiroiodn by 1 



AoBdlSoi US499. 11845-41360 (20Q2)i 
194. ne» a EX, Torres E a, to***. & K. 6 BbwoU a l**v 
affirt^ piaat9lbeansxd«s (Dtwbtr^nsdw^i ol 

b&jH ffitn i&i n&itfliaKlnJbcL hmn 69. 670-674 
(2001). 



■99 I APRIL 2095 I VOUiME 4 



www,n»tBr«.<Orn/'nnr1ew3/dre2dtac 



PAGE 51/54 ' RCVD AT 811 1/2006 6:55:57 PM [Eastern Daylight Time] * SVR:USPT0€ FXRF-1/6 " DNIS:2738300 1 CSD:7606033820 ' DURATION (mm-SS):23-18 



08/11/2006 16:21 FAX T606033820 



ISIS PATENT DEPT 



+ PATENT OFFICE 



©052/054 



REVIEWS 



1 9& Chant*, T. G * HflUHUOrt, J, R ftntBctfan against fltfn 

1 98. awKT a. newiewda M. jl &H»«tson. jl r 

alrkAih mto&lnenuno£ torn; 22* 63-72 pQffi). 

Ml cftafactatbatonafa rnonootanai andbody tvt 

**i ta*fty*i tfro end *i rto, f*w«wns ia. 
417US1<1994> 
1 99- larrfc* R V. Dials* a 8. 6 StttorJ, D. a Fropriyi*2fc 
and Ihoqaaufc iflbcy c/*i Mtan Bntladi h rteki 

J. ImmnoL TO. 6221-9228 B0W> 
20ft Oftoa, m. a. at aLRndhg vnawwcchB H thaiteh potato 

Antah Mr Sat 17.8^-997 BOW). 
201. rut m. A, flMra, V R, m. M. L & Vbo* P. AoDSCfted 

ipadflcanfeedy ptfttfa mtoe fiomkne hfcty tssodiaed 

•U* MOSOfefld rfoh B*JOOJB. 7fe*fir» 34, 1037-4A 



Z02l SmalaTtt* j, E. «f A novel iBcanYJnant v*xkv wWtfi 

3422-342? 0003. 

lam*, R 0- A Bared, S. ttman ttftodeEtoraaatd 
suparanflgBni and **b tfefcy to t*t* T-oel acfusflon end 

2W. uaQafo. R D., Hirt. R. E. & Bavai S. tamaon apitat 

p*ss^«vaodnc0oaMtKt tomuV 70. 227B-22B1 £0Dg. 

aOR. Burnett, J. C at A OOflfermafltiral aampn-g gf tfe 

ooiDVB n*>O09*i ssrecvpa a noht chati: knplcadanstor 
W*ft0f Otndtrg. Stoop Mad Q*n 13l 333-441 GO0Q. 

308, ftant, D. R hTaxButfcor KK»y fcfcxSdrw tad 2aJttift.R) 
609-61D lBt >pan Vii» u of^Amy&*geonOintrBl 
and lha Botdan intf*** ^flashhgtan DC. 1 997). 

Acknowledgements 

The author* would Ito to thar* u. J. Aran, R. PanchaU C 
Wwwtwiaa, B. Ptfoo* ftjttA>. r. GusstOand M.Ha^ium tor 
tflcal ooanmantj and subsfinBal hdfc> h prapatoQ. Otis. ibmswlTL. 
N9^iororWBfrigfl9Lral.tned«icnvvB^ 



Hearth and Hman SorJoes or US nor doss maroon of tads 
namet, commarclal prodncts or <fgarizaDanatmp|yanciOvQernenl 
taytho>USOo^iPivilL 

Compatirtg hnlproet BtaierDorTi 

The ajlvss dadM no cOTprtlna frwdal Mom 

Online links 



BkMrmtam Raaoucasi 



Cantani for Dumbm Oontroh httpVAmmodo^cN^ 



lifi itangr UacflcoJ Fftatterch IrtflRide oi bnacBoua Dttascss 
r<tp^m«Miaarnflo^nTyni/ 
US D ap af a ma rtql 8tttfr htipc/Ajstnfa Brnia p n ^ 
Ao total 



NATURE RgVlBWd f 6*0<5 OISCOVERY 



VOLUME 4 | APRIL 2005 I «•? 



PAGE 52/54 1 RCVD AT 8/1 1/2006 6:55:57 PM [Eastern Daylight rone] * SVR:USPT0-EFXRF-1/6 * DNIS:2738300 x CSID7606033820 1 DURATION (mm-ss):23-18 



08/11/2006 16:21 FAX 7606033820 



ISIS PATENT DEPT 



-» PATENT OFFICE 



©053/054 



EXHIBIT E 



Pentagon employees couldn't see the gas 
seeping into their building. They couldn't 
taste or smell it. Bat strategically placed 
sensors immediately picked up the prob- 
lem, precisely tracking the wafting gas. 
Everyone was safe. 

This was not reality. This was Pentagon 
Shield, a Department of Defense exercise 
last spring that simulated a biological or 
chemical attack. Research teams released 
sulfur hexailuoride— -a harmless gas used in 
airflow testing— outside the Pentagon inlcr- 
rmttentry over several ofys. Standard g a y an- 
alyzers traced its movement around and into 
the building, while other sensors recorded 
weather conditions. With those data, scien- 
tists are refining a computer model of 
aerosolized weapon movement 

In a real attack, howevei; unlike a neatly 
defined exercise, xTb unclear how well actual 
sensor* would perform. The Department of 
Homeland Security (DHS) spends more 
than $60 million anmialry on environmental 
detectors that monitor outdoor air for 
biowespons, but many scientists argue that 
those detectors are ineffective. Now, DHS 
plana to spend at least $32 million more, 
over the next 18 months, to develop next- 
generation sensor technology. 

"This research has tremendous prom- 
ise^ says Penrose Albright, assistant secre- 
tary for science and technology at DHS. 
But s cie ntist remain skeptical that govern- 
ment contractor really can design sensors 
mat qnickry, cheaply, and accurately detect 
one of the dozens of bacteria, viruses, or 
toxins that could become aerosolized 
bioweapens (see table)* 

Hordoas Mstay 

Biaagents instill fear because just a Little can 
pack a big punch. "Infectious biological 
agents an on the order of 1000 to 1 million 



times more hazardous than chemical 
[agents]/' says Edward Stuebing, head of 
aerosol sciences at the US. Army Edgewood 
Chemical Biological Center in Edgewood 
Maryland. 

For decades; these worries were the quiet 
domain of U.S. military and national 
weapons labs, funded by the Department of 
Energy or the Defense Advanced Research 
Projects Agency Researchers at Los Alamos 
National Laboratory (LANL) hi New Mexi- 
co and Lawrence Livermore National Labo- 
ratory (LLNL) in California collaborated on 
an early biodetection network, dubbed 
BASIS. That eventually led to the sole 
environmental bioweapon sensor deployed 
nationwide today: Bio Watch, an aerosol sys- 
tem mat works like a vacuum cleaner; suck- 
ing air over filter paper that traps aerosol par- 
ticles. Although earlier BASIS sensors were 
designed only to detect bioweapons during 
specific events, such as the Olympics, MIS 
has deployed BioWatch sensors to continual* 
ry monitor air in more than 30 major cities. 

Despite DHS claims of a perfect record; 
scientists privy to classified assays suggest 
that the sensors may experience false posi- 
tives^— rnistakiiig normal environmental tax- 
ins for bioweapons. Others oomplain that be- 
cause the assay results are classified, they 
have not been evaluated by outside scientists. 

DHS* Albright characterize* Bio Watch 
as a starting point, a relatively cheep sys- 
tem that can be upgraded with new tech- 
nology. Much of the cost of Bio Watch — 
roughly $60 million annually, or 12 million 
per city — is labor, he says: "Today, we col- 
lect the BioWatch filter, take it to the lab, 
treat the sample, do an initial screen, and 
then, if we get a hit, take it through an ex- 
tensive battery of tests" 

DHS wants- a fester, sleeker system — one 
that continuously sniffs for bioweapons and 



can be sampled frequently with little mainte- 
nance, Albright says: **We want high sensi- 
tivity, minimal false alarms, and low cost, so 
we could deploy it nationally in large quanti- 
ties and expect it to be maintained by, say, 
volunteer firefighters" 

That's a big jump from today's 
BioWatch. But DHS^ external folding aim, 
the Homeland Security Advanced Research 
Projects Agency (HSARPA), minks it can 
make the leap. The agency recently 
launched its first research push, allocating 
more man S32 milEon to 14 outside teams." 

DHS is funding six teams to develop 
high-priority, "detect-to-treaf . systems. 
These would be deployed outdoors like 
BioWatch but would identify a bioweapon 
wimin just 3' hours, enabling doctor* to neat 
exposed civilians. The remaining eight 
teams are doing feasibility studies for 
"detect-to-pfotecf " systems, for use inside 
critical, buildings and in specific outdoor 
spots, to detect a bioweapon within 2' min- 
utes, in time to warn civilians and trigger re- 
sponses m, say, ventilation systems. 

"We are asking everybody to work as 
fast as they can," says Jane Alexander, 
deputy director of HSARPA. 'in some cas- 
es, we have told bidders, 'We know we Ye 
asking for the sun, the moon, and four 
planets. If you can only give us two planets, 
go ahead?* With DHS investment, several 
sensor prototypes probably could be de- 
ployed within months, says X Patrick Fitch, 
head of chemical and biological national 
security at LLNL. 

Fine-tuning 

To build next-generation sensors, DHS 
hopes to tweak existing prototypes with the 
latest technology. Some sensors win run 
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simultaneous assays on microchips, for In- 
stance, or tap new genomic markers for 
mora definitive pathogen signatures. 

All biosensors share two basic tasks: to 
sample air particles and to identify any 
pathogens. For sampling air particles 1 to 
10 micrometers in size, a sensor includes 
one (or more) of several technologies. A 
vacuum, for instance, sucks air over filter 
paper to trap particles, as in the Bio Watch 
sensor. Alternatively, & wetted cyclone 
draws air down a tube injected with water, 
which moves with centrifugal force to cap- 
ture particles. A third variety, called a vir- 
tual impactor, uses tiny jets to push air par- 
ticles down a tube at high speed, concen- 
trating them while diverting excess air. 
Bach differs in coat, sensitivity, speed, and 
complexity. 

For the second task — isolating and iden- 
tifying bacterial, viral, or toxic particles 
trapped in the sample — sensor systems typi- 
cally run immunoassays, polymerase chain 
reactions (PCR), or mass spectrometry 
screens. Again, there are tradeoffs. Detect- 
to -protect technologies are relative hy fast 
and cheap but often cany higher rates of 
false positives. If I -go from wanting an an- 
swer in an hour to wanting one in 2 roinutes, 
1 have eliminated all kinds of technologies, 
like PCR/ says Fitch. 

Although slower; the detect-to-trcat sen- 
sors often use PCR to glean greater detail 
about a pathogenfe identity, activity, and sus- 
ceptibility to various 
treatment options. 
Among the DHS- 
funded teams, at least 
two detect-to-treat 
prototypes arc already 
being field-tested. 
One is TIGER — for 
Triangulation Identifi- 
cation for Genetic 
Evaluation of Risk — 
developed by Science 
Applications Interna- 
tiona] Corp. in San 
Diego, California, and 
Ibis, a division of I sis 
Pharmaceuticals in 
C arlsb ad, California, 
HGER works by sam- 
pling die air, extracting nucleic acids, and 
amplifying those acids with broad-based 
PCR primers that capture all biological 
agents in the sample. TIGER electzosprays 
the PCR redacts into a mass spectrometer 
that produces each agents mass and DMA 
| base cxrmpoaitiaa. Scientists compare an or- 
| ganism's DMA signature with those in a 
| broad database, containing its identity — or, 
I b the case of an unknown oTganisrn, using 
§ phytogenetics to characterize it TTris process 
d takes up to a day 



A similar sensor, the Autonomous 
Pathogen Detection System (APDS), has al- 
ready been field-tested in (he Washington, 
DlC m Metro transit system and at the San 
Francisco and Albuquerque airports. LLNL 
developed this sensor and licensed (he tech* 
nology to MicroFluidic Systems, which 
leads one of the DHS-funded research teams. 

This sensor works by screening air parti- 
cles with immuno- 
assays or PCR analy- 
sis. By multiplexing 
— or running multi- 
ple tests simultane- 
ously — an APDS unit 
can screen for more 
than 100 different 
bacteria or viruses in 
about an hour. Net- 
worked sensors com- 
municate data to a 
remote console, often 
via wireless connec- 
tion, so scientists get 
monitoring updates 
from afar. APDS can 
identify a known bio- 
weapon in 30 minutes 
to 1.5 hours, Fitch 
says. 

Paster detect- to- 
protect sensor proto- 
types arc also emerg- 
ing. Oks DBS-funded 
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***** encounters, Researchers have begun neld-testiruj biosensors in 
urban subway systems and a sports, among other Indoor venues. 

team leader Johns Hopkins University^ Ap- 
plied Physics Laboratory (APL) in Laurel. 
Maryland, is developing a tirne-of-flight 
mass speetmrneter that can, within minutes, 
identify a biological agent based on its pro- 
teins or peptides. APLs sensor automatically 
socks in aerosol samples, mixes them with 
an ultraviolet tight-absorbing chemical, and 
pulses the samples with UV light in a mass 
spectrometer. Based on fight scattering and 
mdecuto weight, the system identifies key 
proteins, say, fijund in biotaxina, Such a sys- 



tem could instantly warn that bioagentfi may 
be present: — and possibly bigger changes in 
ventilation systems or sound alarms. But the 
system offers less detail on pathogerju? than 
slower varieties do. 

Wrong track 

Still, skeptics question whether DHS% push 
for environmental detection is misguided, 

I Microbiologist Paul 
Jackson of LANX, ar- 
I gues that biosensor 
\ research is a costly 
diversion that will 
j provide, at best, a false 
sense of security. 
Everybody has aero- 
; sols on the brain."* he 
says. "Frankly, I don't 
\uyjw that env ironut en- 
tai monitoring of 
aerosols at random — 
or even in important 
places-— is necessarily 
me best approach.** 

Jackson and oth- 
ers argue that more 
biodefense funds and 
government guidance 
should go to hospitals 
nationwide for "syn- 
dromic surveillance*' 
or for the" use of sim- 
ple, reliable blood 
tests and other diag- 
nostics to detect 
bioweapons* "The 
best sentries we Have 
are patients who come into [emergency 
rooms] with suspicious symptoms," Jack- 
son says. If an initial wave of bio terror vic- 
tims was diagnosed quickly, he adds, many 
might be saved — and a nationwide alert 
could inuuediatery be launched* 

The federal government has already 
promised more than $2 billion in bio- 
defense funds to local public health lead- 
ers, and the Centers for Disease Control 
and Prevention has urged those leaders to 
invest in syndromic surveillance. But local 
efforts are patehy — -and, many say, poorly 
coordinated. 

DHS also encourages syndromic 
surveillance. But its detection efforts 
begin in the environment, where questions 
first emerge. Did an attack actually 
happen? Can it be stopped? How can 
patients be treated/ Can buildings be de- 
contaminated? 

Tradeoffs are likely to continue. Future 
hiotenor weapons, scientists say, could in- 
clude genetically engineered pathogens, 
prions, and binregulators. ATJ demand new 
sensors — and questions. 

-Kaihivn Bqowm 
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